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ABSTRACT 
Over the last decades the impact of natural disasters to the global environment is 
becoming more and more severe. The number of disasters has dramatically 
increased, as well as the cost to the global economy and the number of people 
affected. Among the natural disaster, flood catastrophes are considered to be the 
most costly, devastating, broad extent and frequent, because of the tremendous 
fatalities, injuries, property damage, economic and social disruption they cause to 
the humankind. In the last thirty years, the World has suffered from severe flooding 
and the huge impact of floods has caused hundreds of thousands of deaths, 
destruction of infrastructures, disruption of economic activity and the loss of 
property for worth billions of dollars. 
In this context, satellite remote sensing, along with Geographic Information Systems 
(GIS), has become a key tool in flood risk management analysis. 
Remote sensing for supporting various aspects of flood risk management was 
investigated in the present thesis. In particular, the research focused on the use of 
satellite images for flood mapping and monitoring, damage assessment and risk 
assessment. The contribution of satellite remote sensing for the delineation of flood 
prone zones, the identification of damaged areas and the development of hazard 
maps was explored referring to selected cases of study. 
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INTRODUCTION 
The impact of natural disasters to the global environment is becoming more and 
more severe over the last decades. The reported number of disaster has 
dramatically increased, as well as the cost to the global economy and the number of 
people affected [1]. The strong increase in losses and people because of natural 
disasters is mainly due to the increased exposure of the world population to them. 
Both factors leading to a larger risk and factors leading to a higher occurrence of 
hazardous events are responsible for this situation [2].  
Among the natural disasters, flood catastrophes are considered to be the most 
costly, devastating, broad extent and frequent, because of the tremendous 
fatalities, injuries, property damage, economic and social disruption they cause to 
the humankind. Over the last thirty, the world has suffered from severe flooding 
and the huge impact of floods, including river floods, flash floods, storm surge and 
tsunamis, has caused hundreds of thousands of deaths, destruction of 
infrastructures, disruption of economic activity and the loss of property for worth 
billions of dollars [1]. 
The last two decades have witnessed the increasing use of satellite remote sensing 
for understanding the geophysical phenomena underlying natural hazards [3]. Being 
able to observe large portions of the Earth surface, to perform frequent and regular 
in time measures and with the capability to investigate in the different bands of the 
electromagnetic spectrum, satellite remote sensing allows to study phenomena not 
directly accessible with the traditional surveying techniques and ongoing situations 
difficult to identify in another way [4]. 
Satellite remote sensing, along with Geographic Information Systems (GIS), has 
become a key tool in flood risk and damage assessment analysis [5]. Satellite 
images, acquired during, before and after a flood event, can provide valuable 
information about flood occurrence, intensity and progress of flood inundation, 
river course and its spill channels, spurs and embankments affected/threatened etc. 
so that appropriate mitigation measures can be planned and executed in time. Poor 
weather condition, generally associated with the floods, poor accessibility due to an 
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extreme flood event and the lack of instruments in recording hydrological 
information, with particular reference to developing countries, makes the ground 
assessment of inundated areas a difficult task. With a synoptic coverage over wide 
areas in a cost effective way, the  application of satellite remote sensing allows to 
overcome these limitations. Satellite remote sensing can provide valuable 
information and objective data for supporting the disaster management activities 
and the decision making by means of the identification of hazardous areas, the 
assessment of the damaged zones and the definition and the monitoring  of the 
recovery plans, after the occurrence of a disaster [4]. 
The main concern of this thesis is the delineation of flood prone areas, the 
identification of damaged areas and the development of hazard maps indicating 
flood susceptible areas by means of geospatial approaches. In particular, the 
contribute of satellite remote sensing and GIS for flood mapping and monitoring, 
damage assessment and risk assessment was explored referring to selected cases of 
study. 
The first case of study focuses on the use of satellite images time series for flood 
mapping and monitoring purpose. The experimentation was performed on the 
Dhaka district area (Bangladesh). In recent decades, a rapid increase in urban 
population has occurred in Dhaka [6]. The rural-urban migration has significantly 
contributed to this growth. Unfortunately, the absence of an appropriate urban 
planning has been contributing to an urban sprawl, resulting in widespread 
environmental problems throughout the city. The increase in impervious surfaces, 
resulting from the rapid and uncontrolled urbanization, is not only threatening the 
agricultural land but also the local watershed, damaging and reducing the local 
water resources and exacerbating the impacts of water flows during the monsoon 
season, that typically affects the territory from May to October. In this context, 
multitemporal satellite images were processed in order to identify the flood prone 
areas and for monitoring the impact of land use/cover conversion on the surface 
water system around the city. 
With the second case study, the contribute of satellite remote sensing for flood 
damage assessment was investigated. In particular, extreme flooding occurred in 
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Bangladesh in the 2004 were analysed. According to the World Risk Report 2014 
Bangladesh was ranked 5 because of lives and properties losses caused by natural 
disasters [7]. In particular, among the natural disasters recorded between 1983-
2014 in the Emergency Events Database (EM-DAT), floods were found the most 
harmful both in terms of people affected and in terms of economic losses. Different 
causes make this country dangerously subject to flooding. The country is located on 
an alluvial plain which contains almost 250 perennial rivers and most of the surface 
elevation is less than 5 m above sea level; heavy monsoon rains affect the country 
from May to September; rapid increase in river discharge can occur in spring due to 
the Himalaya snowmelt [8]. The experimentation was conduct on a large area 
located between Dhaka and the confluence of the main branch of the Gange River 
and the Meghna River. Pre-event and post-event satellite images were processed 
for mapping the submerged areas and thus to assess damages on the different land 
use/cover types. 
The third case of study concerns the contribution of Earth Observation to flood risk 
assessment. In particular, the use of satellite remote sensing data, coupled with 
Multi-Criteria Analysis (MCA) technique, for generating flood hazard map was 
investigated. This approach was tested on a portion of the Yialias river watershed 
basin, in Nicosia district (Cyprus). Despite Cyprus is characterized by long and 
frequent dry periods, almost every year, localised and in some cases more 
widespread flooding affect parts of the island [9]. Various factors, such as the type 
and intensity of precipitations, the geomorphology, the geology and the human 
intervention to the territory are responsible for flood events. As the most of the 
island rivers, the Yialias has an intermittent stream being dry in summer. Therefore, 
the occurrence of heavy rainfalls commonly results in debris transport and blockage 
of structures, such as culverts and bridge openings, generally undersized for these 
flow rates. In order to produce an easily-readable and rapidly-accessible flood 
hazard map of the study area, the MCA was performed considering different flood-
causing factor. A very high spatial resolution satellite image and the Digital 
Elevation Model (DEM) available for the study area were processed to prepare most 
of them. 
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In the first chapter, after a detailed introduction about the general concepts and 
terminologies commonly used in the field of disaster risk management, the 
contribution of remote sensing in natural disaster applications - with particular 
reference to satellite imagery - is described. In the following chapters, the selected 
case studies are exploited to propose different procedures - based on the use of 
satellite remote sensing data - for flood mapping and monitoring, flood damage 
assessment and flood risk assessment. Each chapter begins with the discussion of 
some peculiarities regarding the examined phase.  
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CHAPTER 1 
REMOTE SENSING AND RISK MANAGEMENT 
Being able to observe large portions of the surface of the Earth, to perform 
frequent and regular measures and with the capability to investigate in the different 
bands of the electromagnetic spectrum, satellite remote sensing allows to study 
and analyse phenomena not directly accessible with the traditional surveying 
techniques and ongoing situations difficult to identify in another way. 
The last two decades have witnessed the increasing use of remote sensing for 
understanding the geophysical phenomena underlying natural hazards [4][10][3]. In 
particular, the development of new acquisition systems in the field of optical 
remote sensing, with the possibility to direct the sensor to specific areas, has 
enabled to increase the spatial and the temporal resolution of the satellite images, 
allowing theoretically to collect scenes of any part of the Earth surface with a time 
interval ranging between 1 and 7 days. Capable to collect data in all weather and 
lighting condition, active microwave sensors have proven to be useful to identify 
various spatial phenomena; especially in the context of natural disaster 
management, Synthetic Aperture Radar (SAR) images are used for detecting 
damaged areas and for the real-time monitoring of harmful events. 
The impact of natural disasters to the global environment is becoming more and 
more severe over the last decades. The reported number of disaster has 
dramatically increased (Figure 1), as well as the cost to the global economy and the 
number of people affected [1] (Figure 2).  
The strong increase in losses caused by natural disasters is mainly due to the 
increased exposure of the world population to them [11][7]. There are different 
elements responsible for this phenomenon, which can be subdivided in factors 
leading to a larger risk and factors leading to a higher occurrence of hazardous 
events [2] (Figure 3). In particular, the increased risk is due to the rapid increase of 
the world population, which has doubled in size from 3 billion in the 1960s to 6 
billion in 2000. According to the United Nations Department of Economic and Social 
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Affairs (UN/DESA) population estimates and projections, the world population of 
7,2 billion in mid-2013 is projected to increase by almost one billion people within 
the next twelve years, reaching 8,1 billion in 2025, and to further increase to 9,6 
billion in 2050 and 10,9 billion by 2100 [11]. 
 
Figure 1 Number of loss natural disaster events between 1980 – 2013.  
(source: Munich Re, 2014 [1]) 
 
Figure 2 Losses in percentage distribution due to natural disaster events  
between 1980 – 2013.  
(source: Munich Re, 2014 [1])   
Another factor related to the population pressure is that areas that were previously 
avoided due to their susceptibility to natural hazards have become settled. In 
addition, there is the important trend of the concentration of people and economic 
activities in large urban centres (Figure 4), most of which are located in vulnerable 
areas. Mega-cities with a very rapid growth mostly experience the occupation of 
marginal land, susceptible to disasters, by the poor newcomers [7][6].  
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Figure 3 World map of natural hazards.  
(source: Munich Re, 2011 [2]) 
 
Figure 4 Distribution of world population into urban and rural areas.  
(source: Garschagen et al., 2014 [7]) 
To effectively reduce the impacts of natural disasters, a complete strategy for 
disaster risk management is required. As defined by the United Nations Inter-
Agency Secretariat of the International Strategy for Disaster Reduction (UN/ISDR), it 
consists in systematic process of using administrative decisions, organization, 
operational skills and capacities to implement policies, strategies and coping 
capacities of the society and communities to lessen the impacts of natural hazards 
and related environmental and technological disasters [12]. This comprises all forms 
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of activities, including structural and non-structural measures, to avoid or to limit 
adverse effects of hazards.  
In this context, remote sensing provides valuable information helping to understand 
spatial phenomena and supporting the decision making with objective data. In 
particular, it can contribute to the disaster management activities through the 
identification of hazardous areas, the assessment of the damaged zones in a timely 
manner and assisting the recovery plans after the occurrence of a disaster. 
In the following sections, after a detailed introduction to the general concepts and 
terminologies commonly used in the field of disaster risk management, is described 
the contribution of remote sensing in natural disaster applications, with particular 
reference to the satellite images.  
1.1 Hazard, Vulnerability and Risk notions 
There are many definitions and terms in the field of disaster risk 
assessment/management. In this section common terminologies and notions used 
to describe disaster, hazard, vulnerability, and risk are presented. 
Disasters are defined as “a serious disruption of the functioning of a community or a 
society causing widespread human, material, economic or environmental losses 
which exceed the ability of the affected community or society to cope using its own 
resources” [12].  According to the United Nations - International Strategy for 
Disaster Risk Reduction (UN/ISDR), a disaster is a function of the risk process; it 
results from the combination of hazards, vulnerability conditions and insufficient 
capacity or measures to reduce the potential negative consequences of risk. 
Therefore, the distinction among disaster, hazard, vulnerability and risk terms is a 
crucial point for a proper understanding of which factors and parameters, and how, 
are involved and influence an effective risk management.  
The term hazard indicates a potentially damaging physical event or phenomenon or 
human activity that can cause the loss of life or injury, or other health impacts, as 
well as damage and loss to property, infrastructure, livelihoods, service provision 
and environmental resources property damage, social and economic disruption or 
environmental degradation. Thus, hazard identifies a threat or potential adverse 
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effects, not the physical event itself. Physical events become hazards where social 
elements or environmental resources, that support human welfare and security, are 
exposed to their potentially adverse impacts and exist under conditions that could 
predispose them to such effects [13]. Hazards can be subdivided in natural, human-
induced and socio-natural. Natural hazards are natural processes or phenomena in 
Earth’s system that may constitute a damaging event (e.g. earthquakes, tropical 
cyclones, volcanoes, tsunamis and storms); human-induced hazards are those 
resulting from modifications of natural process in the Earth’s system caused by 
human activities that accelerate/aggravate the damage potential (e.g. land 
degradation, landslides, and forest fires). Finally, human-made hazards originate 
from technological or industrial accidents, dangerous procedures, infrastructure 
failures, or certain human activities, which may cause the loss of life or injury, 
property damage, social and economic disruption, or environmental degradation 
(e.g. industrial pollution, nuclear activities and radioactivity, toxic wastes, dam 
failures, and transport, industrial, or technological accidents such as explosions, 
fires, and oil spills). Hazards can be single, sequential or combined in their origin 
and effects. Each hazard is characterised by its location, intensity, area affected, 
intensity, speed of onset, duration and frequency [14]. 
The use of the term vulnerability can span from the notion of the predisposition of a 
system to be affected or damaged by an external event at a certain instant of time 
to the notion of the residue of potential damages which cannot be targeted through 
the implementation of typical measures; or as conditions of incapacity to cope with 
disasters once they have taken place [15]. According to the definition of the 
UN/ISDR, the term vulnerability indicates the conditions determined by physical, 
social, economic and environmental factors or processes which increase the 
susceptibility of a community to the impact of hazards [12]. It is used to refer the 
degree of susceptibility of people, factories, offices or other business assets to suf-
fer damage and loss, for example due to inadequate design and construction, lack 
of maintenance, unsafe and precarious living conditions, lack of access to 
emergency services. Generally, together with the vulnerability notion the concept 
of capacity is mentioned, referring to those positive factors which can increase the 
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ability of people to cope with hazards. Capacity is a combination of all the strengths 
and resources available within a community, society or organization that can reduce 
the level of risk, or the effects of a disaster. 
In the framework proposed by the scientific community as indicated by the 
International Strategy for Disaster Reduction (ISDR) and its predecessor, the 
International Decade for Natural Disaster Reduction (IDNDR), the term risk is 
defined as the probability of harmful consequences, or expected losses (deaths, 
injuries, property, livelihoods, economic activity disrupted or environmental 
damage) resulting from interactions between natural or human-induced hazards 
and vulnerable conditions [12] (Figure 5). Conventionally, risk is expressed by the 
combination of hazards and vulnerability. An example of such a function is 
proposed by ISDR:  
𝑅𝑖𝑠𝑘 =  𝐻𝑎𝑧𝑎𝑟𝑑𝑠 𝑥 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 
Some authors also include the concept of exposure to refer particularly to the 
physical aspects of vulnerability [16][17]. In this context, vulnerability is an intrinsic 
characteristic of people, infrastructure, economically and environmentally 
important land uses while the hazard is related to magnitude, duration, location 
and timing of the event. In this case, the relation between risk, hazard, vulnerability 
and exposure is represented as follows:  
𝑅𝑖𝑠𝑘 =  𝐻𝑎𝑧𝑎𝑟𝑑 𝑥 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑥 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 
As proposed by Villagrán [15], risk is a function of hazard, vulnerability and 
deficiencies in preparedness: 
𝑅𝑖𝑠𝑘 =  𝐻𝑎𝑧𝑎𝑟𝑑 𝑥 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑥 𝐷𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑖𝑒𝑠 𝑖𝑛 𝑃𝑟𝑒𝑝𝑎𝑟𝑒𝑑𝑛𝑒𝑠𝑠 
In this relation, deficiencies in preparedness (e.g. the lack of emergency committees 
and emergency plans, the lack of early warning systems, and related measures) 
refer to those pre-existing conditions which inhibit an institution, a community, 
society or a country to respond in an effective and opportune way once the event is 
triggering the disaster to minimize its impacts, in particular the loss of lives. Such 
deficiencies would include the lack of emergency committees and emergency plans, 
the lack of early warning systems, and related measures. 
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In this context, the risk assessment/analysis, defined as a methodology to 
determine the nature and extent of risk by analysing potential hazards and 
evaluating existing conditions of vulnerability, exposure and capacity [12], is a 
complex process, as the intrinsic components need to be assessed individually and 
then combined through some kind of algorithm to produce the expected outcome. 
Regardless of the model employed to represent risk, the result should be the same, 
as defined by ISDR. 
 
Figure 5 Examples of how hazard, vulnerability and risk concepts  
(source: Cova, 1999 [18]) 
1.2 The disaster risk management cycle 
The disaster risk management is defined as the systematic process of using 
administrative decisions, organization, operational skills and capacities to 
implement policies, strategies and coping capacities of the society and communities 
to lessen the impacts of natural hazards and related environmental and 
technological disasters [12].  
The disaster risk management planning consists of four stages: mitigation and 
preparedness, prior to the disaster occurrence, and response and recovery which 
take place after the occurrence of the disaster [19]. Disaster management is 
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represented by a cycle model not only because the four phases are interconnected 
and integrated during all the planning process but also because the occurrence of a 
disaster event will eventually influence the way of preparing for the next one 
(Figure 6). Decisions about the risk mitigation can influence the preparedness 
planning and the response actions required; the preparedness level of the affected 
communities and responders can influence the severity of the disaster impact; the 
recovery stage will depend from the effectiveness of the response actions and can 
include risk reduction measures for reducing the future vulnerability. 
 
Figure 6 Disaster management cycle  
The mitigation phase refers to the actions and measures that attempt to reduce the 
likelihood of a disaster occurring. This is carried out by risk identification and 
reduction process. 
Prior to a disaster’s occurrence, the main aim of the preparedness stage is the 
planning of an efficient response to hazards in order to reduce their impacts. 
Considered as a bridge between disaster mitigation and disaster management, 
preparedness accepts the existence of residual and unmitigated risk and attempts 
to aid the community in eliminating certain of the adverse effects that could be 
experienced once an event occurs by training of emergency planners and rescuers, 
public education on hazards and their consequences, installation of early warning 
systems, planning of evacuation routes and emergency centres, national and 
international plans for assistance and aid. 
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The response phase consists of all activities, such as evacuation, rescue and needs 
assessment, carried out immediately before, during, and after a disaster occurs in 
order to save lives and minimize the property damages. 
After a catastrophic event, the goal of the recovery phase is to restore normal life in 
disaster-affected areas. This stage can include many steps that start with the 
restoration of the lifeline utilities and the identification of the places for the 
reconstruction and continue with the monitoring of the communities rebuilding.  
A comprehensive and effective framework of the disaster risk management cycle 
and how the notions of risk, hazard and vulnerability (section 1.1) are reflected into 
its various stages is described by Taubenböck et al., 2008 [20]. The disaster 
management cycle relates risk, hazard, vulnerability to the timeline; the cycle model 
highlights various temporal phases where different types of indicators enable the 
assessment of the situation.  
 
Figure 7 Risk as result of the interaction of the hazard and the vulnerability embedded in the 
various phases of the disaster management cycle   
(source: adapted from Taubenböck et al., 2008)  
1.3 Satellite remote sensing in the disaster risk management cycle  
An increasing number of studies have been elaborated on the importance and 
applications of remote sensing, with particular reference to satellite remote sensing 
data, in the disaster risk management [3][10]. A major reason of using remote 
sensing in this field is that it is the fastest means of collection data for pre and post-
event disaster studies [21].  
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Satellite remote sensing refers to the technology used for observing various earth 
phenomena with instruments that are typically on board a spacecraft. These 
observations consist of measuring the electromagnetic energy of phenomena that 
occur without physical contact with the object of interest. Therefore, to investigate 
the Earth's surface without being in contact with it is an important feature 
considering the limited accessibility of the areas affected by a disaster and, in many 
cases, their extension and imperviousness. In addition, bandwidths are a crucial 
component of remote sensing operations. In fact, the different bandwidths of the 
electromagnetic spectrum are related to certain phenomena and Earth parameters 
that can be monitored and analysed using various sensors. 
Satellite remote sensing can provide valuable information in each phase of the 
disaster risk management cycle, helping to understand spatial phenomena and 
supporting the decision making with objective data [4][22]. It can contribute to the 
risk management activities through the identification of hazard areas, the 
assessment of damaged zones in a timely manner and assisting the recovery plans. 
Each phase of the risk management cycle requires satellite images data with 
appropriate characteristics of spatial, spectral and temporal resolution depending 
on the kind of information to be obtained, such as physical indicators and 
measureable features, and the spatial scale of the analysed hazard [21]. 
In the mitigation stage, the remote sensing data are usually employed for mapping 
landscape features (i.e. land use/land cover) and for detecting potentially hazardous 
areas; therefore, the update representations of a territory is an important 
requirement to select useful satellite images. Furthermore, high spatial resolution 
images can allow for the identification of infrastructure and buildings in risk areas, 
for the hazards consequence assessment (vulnerability) and the potential losses 
evaluation.   
In the preparedness phase remote sensing data can support the developing of risk 
maps and models, using the information obtained in the previous stage, which are 
generally used by authorities to communicate information about location and range 
of hazard to the community. 
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During the pre-event phases and recovery stage there is sufficient time for selecting 
appropriate remote sensing data; instead, the timeliness is a crucial factor in the 
response phase during which the rapid damage assessment is fundamental for 
efficient emergency services and to assist evacuation plans. Moreover, the 
availability of high spatial resolution images allows a detailed representation of the 
ongoing situation. 
In the recovery stage, remote sensing data are used for post-disaster census 
information, for identifying the rebuilding sites and for the long term monitoring of 
the territory; in particular, remote sensing can support this stage providing time 
series images over large areas with both high and medium spatial resolution from 
which changes can be detected and quantified. 
1.3.1 Satellite remote sensing data types     
There are many types of satellite sensors that can support the four stages of the 
disaster management cycle. The contribute of satellite remote sensing ranges from 
optical collected by passive sensors and thermal images to active microwave 
imaging [4] (Table 1). A comprehensive report of remotely sensed data types and 
image processing techniques for information extraction about natural hazards can 
be found in Joyce et al., 2009 [23]. Often, more than one sensor is needed to 
properly meet all the requirements of a specific application [24].  
Optical images, particularly when collected using true colour spectral bands (red, 
green and blue), are used by the disaster management community since they are 
simple to be interpreted. In particular, these images are effectively used to support 
the recovery monitoring and during the planning activities in the pre-event stages 
[25][26][27]. The use of optical images on the response phase depends on the 
speed of the data acquisition that is crucial for a rapid detection of the damaged 
areas [28][29]. For instance, sensors installed on geostationary satellites provide 
data for large area extent but low spatial detail therefore these type of data is 
appropriate for monitoring weather patterns, cyclones, etc. [30]. On the other hand 
very high spatial resolution images (e.g. SPOT, Ikonos, Quickbird) are effectively 
used when targeting relatively small area [31][32][33]. The greatest limitations of 
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the optical sensor are the impossibility of acquiring images through clouds, haze 
and smoke, which cause the loss of information on the ground, and during the night 
since these sensors detect the solar radiation reflected from the observed surface. 
Table 1 Applications of different wavebands for hazard mapping and monitoring.  
(source: Lewis, 2009 [34]) 
Wavelength Waveband Example applications Example sensors 
Visible 0,4-0,7 m 
Vegetation mapping SPOT; Landsat 
Building stock assessment AVHRR; MODIS; IKONOS 
Population density IKONOS; MODIS 
Digital elevation model ASTER; PRISM 
Near infrared 0,7-1,0 m 
Vegetation mapping Spot; Landsat; AVHRR; MODIS 
Flood mapping MODIS 
Shortwave infrared 1,0-3,0 m Water vapour AIRS 
Thermal infrared 3,0-14 m 
Active fire detection MODIS 
Burn scar mapping MODIS 
Hotspots MODIS; AVHRR 
Volcanic activity Hyperion 
Microwave (radar) 0,1-100 cm 
Earth deformation and ground 
movement 
Radarsat-2; TerraSAR-X; 
TanDEM-X; COSMO-SkyMed; 
PALSAR 
Rainfall 
Meteosat; Microwave Imager 
(TRMM) 
River discharge and volume, 
flood mapping and forecasting 
Radarsat-2; TerraSAR-X; 
TanDEM-X; COSMO-SkyMed; 
PALSAR; AMSR-E 
Surface winds QuikScat radar 
3D storm structure Precipitation radar (TRMM) 
Even though thermal images have a lower spatial resolution than that capable of 
being achieved with optical and multispectral images, because of their 
comparatively low energy (energy decrease with increasing wavelength), they 
provide a valuable source of information for detecting volcanic activities [35] and 
wildfires [36]. Thermal imagery can be acquired during the day or night since the 
radiation is emitted not reflected [37]. 
Conversely, Synthetic Aperture Radar (SAR) sensors are active system, producing its 
own illumination. They illuminate the terrain and arrange the received signals 
reflected into an image. Therefore, active microwave sensors are capable to acquire 
data in all weather and lighting condition. Both backscatter intensity and the phase 
of SAR images can be used [38][39][40][41]. The backscatter intensity depends on 
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the dielectric properties of the reflecting material, the surface roughness and the 
sensor wavelength therefore, the accurate interpretation can sometimes be difficult 
but at the same time useful information about damaged infrastructures and 
hazardous phenomena such as landslide, tsunami, flooding [42], etc. can be 
effectively achieved [32].  
1.3.2 Initiatives for using remote sensing data in the disaster 
management 
The usefulness of Earth observation data in natural disaster management has been 
proven by the numerous ongoing international and national initiatives which have 
made easier the access to space-based information [43].  
The International Charter “Space and Major Disasters” involves the majority of the 
space agencies (e.g. ESA, CNES, CSA, ISRO, USGS, DLR, etc.) with interest in Earth 
observation, and aims at providing a unified system of space data acquisition and 
delivery to those affected by natural or man-made disasters through authorized  
users [44].  
Among the United Nations systems, the UNITAR’s Operational Satellite Applications 
Programme (UNOSAT) provides satellite solutions and geographic information easily 
accessible to UN decision makers, member states, international organizations and 
non-governmental organizations for reducing the impact of crises and disasters and 
supporting plans for sustainable development [45]; the United Nations Platform for 
Space-based Information for Disaster Management and Emergency response (UN-
SPIDER) has been established to ensure that all countries and international and 
regional organizations have access to and develop the capacity to use all types of 
space-based information to support the full disaster management cycle [46].  
In Europe, Copernicus Programme (previously known as Global Monitoring for 
Environment and Security - GMES),  initiative of the European Commission and the 
European Space Agency (ESA), is actively supporting the use of satellite technology 
in disaster management, with projects such as PREVIEW (Prevention, Information 
and Early Warning pre-operational services to support the management of risks), 
LIMES (Land and Sea Integrated Monitoring for Environment and Security), GMOSS 
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(Global Monitoring for Security and Stability), SAFER (Services and Applications For 
Emergency Response), and G-MOSAIC (GMES services for Management of 
Operations, Situation Awareness and Intelligence for regional Crises) [47].  
The Sentinel Asia project supported by the Japan Aerospace Exploration Agency 
(JAXA) aims to promote international cooperation to prevent, monitor and mitigate 
natural disasters in the Asia-Pacific region using space technologies to collect 
disaster-related information and sharing it over the internet [48].  
Various organizations and program are involved in rapid mapping activities after 
major disasters including ITHACA (Information Technology for Humanitarian 
Assistance, Cooperation and Action) [49], DLR-ZKI (Deutsches Zentrum fur Luft und 
Raumfahart - Zentrum für satellitengestützte Kriseninformation) [50], SERTIT 
(SErvice Régional de Traitement d'Image et de Télédétection) [51], GDACS (Global 
Disaster Alert and Coordination System) [52], the Dartmouth Flood Observatory 
[53]. 
The list of initiatives above mentioned is far from being exhaustive, but it gives an 
idea of the raised interest  to disaster management from the organizations and the 
remote sensing community. 
1.4 Remote sensing and flood risk management 
Flooding is a natural and recurring event for a river or stream. It is caused in most 
cases by heavy or continuous rainfall, which exceeds the absorption capacity of soil 
and the flow capacity of rivers. Such rains may originate from storms, tornadoes, 
etc. Moreover, floods can be caused also by rapid melting of snow caps, by tsunami 
and by dam bursts due to natural events or human failure [54].  
The world has suffered from severe flooding over the last decade. In recent years 
the huge impact of floods has caused hundreds of thousands of deaths, destruction 
of infrastructures, disruption of economic activity and the loss of property worth 
billions of dollars. Flood catastrophes are considered to be the most costly, 
devastating, broad extent and frequent because of the tremendous fatalities, 
injuries, property damage, economic and social disruption they cause to the 
humankind [1] (Table 2). Significant examples are the 2000 Mozambique flood 
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caused by heavy rains followed by a cyclone, floods due to heavy rainfall in 
Germany in 2002, the tsunami on the coasts of the Indian Ocean in 2004, Hurricane 
Katrina in New Orleans in 2005, the cyclone Nargis in Myanmar in 2008, the heavy 
monsoon floods in Pakistan in 2010, floods caused by abnormally heavy rains in 
Philippines between December 2010 and January 2011, and the  Colorado flood in 
2013. 
Table 2 Most severe flood events recorded between 1999-2014, ordered by people affected (left) 
and economic damages (right).  
(source: Emergency Events Database EM-DAT, http://www.emdat.be/) 
Country Year 
Total people  
affected  
Country Year 
Total damage 
(US$ *1000 ) 
China P Rep 2003 150.146.000 
 
Thailand 2011 40.000.000 
China P Rep 2010 134.000.000 
 
China P Rep 2010 18.000.000 
China P Rep 2007 105.004.000 
 
India 2014 16.000.000 
China P Rep 1999 101.024.000 
 
Germany 2013 12.900.000 
China P Rep 2002 80.035.257 
 
Germany 2002 11.600.000 
China P Rep 2011 67.900.000 
 
United States 2008 10.000.000 
India 2002 42.000.000 
 
Pakistan 2010 9.500.000 
China P Rep 2009 39.372.000 
 
China P Rep 1999 8.100.000 
Bangladesh 2004 36.000.000 
 
Italy 2000 8.000.000 
China P Rep 2004 33.652.026 
 
China P Rep 2012 8.000.000 
During the past decades satellite remote sensing, along with Geographic 
Information Systems (GIS), has become a key tool for flood risk and damage 
assessment [55][56]. Remote sensing facilitates the flood surveys by providing the 
much needed information for flood studies. Satellite images acquired in different 
spectral bands during, before and after a flood event can provide valuable 
information about flood occurrence, intensity and progress of flood inundation, 
river course and its spill channels, spurs and embankments affected/threatened etc. 
so that appropriate flood relief and mitigation measures can be planned and 
executed in time.  
Poor weather condition generally associated with the floods, poor accessibility due 
to an extreme flood event and the lack of instruments in recording hydrological 
information, with particular reference to developing countries, makes the ground 
assessment of inundated areas a difficult task. With a synoptic coverage over wide 
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areas in a cost effective way, the application of satellite remote sensing allows to 
overcome these limitations. Through the selection of appropriate sensors and 
platforms, remote sensing can provide accurate and timely estimation of flood 
inundation, flood damage and flood prone areas.  
Development in remote sensing has furthermore evolved from optical to radar 
remote sensing, which has provided an all-weather imaging capability (section 2.1). 
In this context, GIS can be useful not only for generating the visualization of 
flooding maps obtained by processing satellite images but also to integrate and 
analyse other data or factors which are required for an effective flood risk 
management.  
In the following part of the thesis,  the contribution of remote sensing application in 
flood risk management is discussed considering the generic four phases of risk 
management described above to three distinct areas, because the information 
obtained by geospatial approaches can support more than one stage. Therefore, 
the use of satellite remote sensing for mapping and monitoring flooded areas, 
assessing damages and predicting possible extensions of the flood was explored 
(Table 3).  
Table 3 The contribution of satellite remote sensing for supporting  
flood risk management stages. 
Flood mapping and monitoring Damage assessment Flood risk assessment 
Mitigation 
Preparedness 
Response 
Recovery 
Response 
Recovery 
Mitigation 
Preparedness 
A flood map is prepared after a flood event occurrence in order to delineate the 
inundated areas. Floods are dynamic phenomena, therefore flood maps of different 
times are suitable for monitoring water expansion and regression. Moreover,  
multitemporal maps can aid to detect critical spatial changes in flood hazard and 
vulnerability over time. These products can be used for flood prone areas 
delineation in order to prevent future floods; they provide crucial information to 
identify appropriate protection measures and strategies for the risk mitigation. 
Flood maps can be employed for the preparation of an efficient response plans. 
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Once a flood event occurs, emergency planners and rescuers can use inundation 
maps to detect the most affected areas and then to identify evacuation routes and 
plan the assistance and aids. During the recovery stage, flood maps can support the 
identification of the places for the reconstruction and multi-date maps aid the 
monitoring of a community rebuilding [5][57]. 
The flood damage assessment map is produced after a flood event to present socio-
economic damages. Generally based on land use/cover data,  administrative units,  
socio-economic statistics, inundation extent and duration and water depth, this 
product provides information about the flood impacts which can be used both for 
planning rescue operations - during the response phase - and for recovery actions 
[54]. 
The purpose of a flood risk assessment is to identify flood prone areas. To evaluate 
flood risk, there are several qualitative and quantitative approaches, which can 
involve different data such as hydraulic information, topographic base map, terrain 
models, land use/cover map, inundation map, population density etc. A range of 
techniques is available within the GIS to evaluate hazards and vulnerability in 
relation to floods and one of the common approaches consists on the construction 
of indexes by combining various indicators [58]. Risk maps should be available in 
advance of a flood event therefore, they can help stakeholders to prioritise 
investments and allocate resources for mitigation activities. They can be used for 
the reallocation of facilities and infrastructures at risk and for the formulation of 
suitable plans for future expansion;  moreover, these maps enable authorities and 
people to prepare for disasters [59]. 
The role of satellite remote sensing and GIS for flood mapping and monitoring, the 
damage assessment and finally the development of hazard map, indicating flood 
susceptible areas, will been then explored in the next three chapters, introducing 
each topic with a discussion about some specific question and then presenting one 
application for a selected case of study. 
  
 22 
 
 
  
 23 
 
CHAPTER 2 
FLOOD MAPPING AND MONITORING 
Satellite remote sensing provides the instantaneous and synoptic view necessary to 
accurately map the extent of floods. Therefore, it is effectively used to delineate 
inundation areas and it is considered highly potential to reduce flood losses and 
deaths during the response phase.  
Mapping of the flooded areas using optical images is based on the fact that water 
absorbs or transmits most of the electromagnetic energy in the near-infrared (NIR) 
and medium-infrared (MIR) wavelengths, which results in less reflection. Optical 
remote sensing techniques, though providing very fine spatial resolution, are less 
capable of penetrating through the clouds, which limit their application in bad 
weather condition. Use of microwave remote sensing techniques, with its all-
weather capability, compliments the existing optical images to overcome this. 
Water surface provides specular reflection of the microwave radiation, and hence 
very little energy is scattered back compared to the other land features. The 
difference in the energy received back at the radar sensor is used for differentiating 
and to mark the boundaries of the water bodies. In some cases, both optical and 
microwave data are clubbed to get a better perspective of the flood map [60]. 
2.1 Application of optical and radar remote sensing  
In the initial stages of satellite remote sensing, the available data were from Landsat 
Multi Spectral Scanner (MSS) in four spectral bands and with a spatial resolution 
equal to 80 meters. Landsat mission represents the world's longest continuously 
acquired collection of space-based moderate resolution land remote sensing data 
[61] (Table 4). The MSS data exist since 1972 when Landsat1 satellite was 
successfully launched. The pioneering investigations of the use of remote sensing 
data for flood mitigation were predominantly concentrated on the flood prone 
regions of USA [62][58]. In particular, the band 7 (0,8-1,1 m) has been found 
suitable for the detection of water or moist soil because of the strong absorption of 
the water in the near infrared range of the spectrum. From the early 1980s, Landsat 
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Thematic Mapper (TM) imageries comprising seven spectral bands, six with 30 m 
spatial resolution and one in the thermal infrared range with 120 m, became the 
main source of data for monitoring floods and delineating the boundary of 
inundation. Special attention was given to dealing with monsoon flooding in the 
developing countries [55]. Landsat TM band 4 (NIR) also proved to be useful in 
discriminating water surfaces from equivalent of MSS band 7 [63]. However, the 
low energy reflected by developed land use areas (e.g. downtown commercial, 
urban areas, industrial areas) in the near infrared band, may cause problem in 
separating water from certain urban features. This confusion can be successfully 
solved by adding TM band 7 (2,08-2,35 m) to the TM band 4 [64]; in fact, in the 
band 7 images the reflectance from water, paved road surfaces and roof tops differs 
significantly. Therefore, adopting TM band 4 plus band 7 images, selecting the 
density slice for extracting the flood water, becomes easier. In the 1999, the 
Landsat7 satellite was successfully launched six years after the failure of the 
Landsat6 launch. The instrument on Landsat7, the Enhanced Thematic Mapper Plus 
(ETM+), replicates the capabilities of the highly successful TM sensor on Landsat4 
and Landsat5 including the first panchromatic band with 15 m spatial resolution and 
the thermal infrared channel with 60 m spatial resolution [65]. On May 31, 2003, 
the Scan Line Corrector (SLC), which compensates for the forward motion of 
Landsat7, failed causing duplication in the imaged area with width that increases 
toward the scene edge. Despite this fact, ETM+ is still capable of acquiring useful 
data, particularly within the central part of any scene. With Landsat5 retiring in 
2013, leaving SLC-offLandsat7 as the only on-orbit Landsat program satellite, the 
launch of the Landsat8 in the same year has ensured the continued acquisition and 
availability of Landsat data. The Landsat8 collects Earth images with a 16-day repeat 
cycle in an 8-day offset to Landsat7 and carries two instruments: the Operational 
Land Imager (OLI) and the Thermal InfraRed Sensor (TIRS). The OLI sensor, while 
similar to ETM+ sensor, provides enhancement from prior Landsat instruments with 
the addition of two new spectral bands: a deep blue visible channel (0,433-0,453 
m), specifically designed for water resources and coastal zone investigation, and a 
new infrared channel (1,360-1,390 m) for the detection of cirrus clouds. The TIRS 
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sensor provides two thermal bands, formerly covered by one wide spectral band on 
Landsat4 and 7, with a minimum of 100 meter resolution.  
Thanks to the continuous periodical acquisition, Landsat images are often used for 
multitemporal studies by means of change-detection algorithms (e.g. image 
differencing, image ratio, principal component analysis, etc.) which can contribute 
significantly in detecting flooded areas [66][67][68][69]. In addition,  various 
combinations bands, including band ratio approaches, differences, additions are 
also used to delineate flood-prone areas using Landsat data [70][64][71][72]. 
Table 4 Technical Specifications of Landsat sensors  
(source: http://landsat.gsfc.nasa.gov/) 
Satellite 
Launch 
(End of service) 
Sensor 
Wavelength 
(m) 
Spatial resolution              
(m) 
Coverage repeat              
(days) 
Landsat 1-2 
L1:7/23/72 (1/6/78)         
L2: 1/22/75 (2/25/82) 
RBV 
1 0,48-0,57 
80 
18 
2 0,58-0,68 
3 0,70-0,83 
MSS 
4 0,50-0,60 
80 
5 0,60-0,70 
6 0,70-0,80 
7 0,80-1,1 
Landsat 3 3/5/78 (3/31/83) 
RBV 1 0,505-0,75 40 
18 
MSS 
4 0,50-0,60 
80 
5 0,60-0,70 
6 0,70-0,80 
7 0,80-1,1 
8 10,4-12,6 240 
Landsat 4-5 
L 4*: 7/16/82                              
L 5: 3/1/84 (6/5/2013)                            
*TM data transmission 
failed in August 1993 
MSS 
4 0,50-0,60 
80 
16 
5 0,60-0,70 
6 0,70-0,80 
7 0,80-1,1 
TM 
1 0,45-0,52 
30 
2 0,52-0,60 
3 0,63-0,69 
4 0,76-0,90 
5 1,55-1,75 
6 10,4-12,5 120 
7 2,08-2,35 30 
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Satellite 
Launch 
(End of service) 
Sensor 
Wavelength 
 (m) 
Spatial resolution              
(m) 
Coverage repeat              
(days) 
Landsat 7 4/15/99 ETM+ 
1 0,45-0,52 
30 
16 
2 0,52-0,60 
3 0,63-0,69 
4 0,76-0,90 
5 1,55-1,75 
6 10,4-12,5 60 
7 2,08-2,35 30 
PAN 0,50-0,90 15 
Landsat 8 02/11/2013 
OLI 
1 0,433-0,453 
30 
16 
2 0,450-0,515 
3 0,525-0,600 
4 0,630-0,680 
5 0,845-0,885 
6 1,560-1,660 60 
7 2,100-2,300 30 
8 0,500-0,680 15 
9 1,360-1,390 30 
TIRS 
10 10,6-11,2 
100 
11 11,5-12,5 
Satellite Pour l’Observation de la Terre (SPOT) data were also used for flood 
delineation with the assumption that water has very low reflectance in the near-
infrared portion of the spectra [73][74][75][76]. The SPOT constellation includes 
seven medium-high resolution satellites launched starting in 1986; three are still 
active (SPOT 5,6,7). From the first satellite, the spatial resolution has been greatly 
increased; the newest satellites, SPOT 6 and 7 (launched in 2012 and 2014) collect 
images with a pixel size of 2,2 m and 8 m in the panchromatic and multispectral 
respectively (Table 5).  
Among the optical satellite images, the data collected by Moderate Resolution 
Imaging Spectroradiometer (MODIS), the key instrument on board the Terra and 
Aqua satellites, has been largely used for flood mapping and flood’s progression 
through time [77]. The spatial resolution of the MODIS sensor, 250 m (band 1-2), 
500 (band 3-7), 1000 m bands 8-36), may not be ideal for mapping small water 
features but, since Terra was launched in December 1999, it has become possible to 
monitor continental-scale inundated areas [78]. Terra passes from North to South 
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across the equator in the morning, while Aqua passes South to North over the 
equator in the afternoon and they view the entire Earth's surface every 1-2 days, 
acquiring data in 36 spectral bands (from 0,4 µm to 14,4 µm).  Therefore, MODIS 
images are particularly useful for covering large areas with high temporal resolution 
which is an important characteristic for a daily water monitoring [79]. All historical 
data from 2000 to the present are readily available and freely distributed. The cloud 
cover is always an issue when trying to map flood events using optical remote 
sensing, especially during the rising stage of a flood event. To help the reduction of 
cloud interference, the use of 8-day or 16-day MODIS composites (provided by 
NASA) has proven useful in mapping the temporal dynamics of water [80][81] 
(Table 6). 
Table 5 SPOT technical specifications.  
(source: https://apollomapping.com) 
Satellite Band 
Wavelength 
(m) 
Pixel size (m) 
SPOT 6,7 
Panchromatic 0,45 - 0,745 2,2 
B0: blue 0,45 - 0,52 
8,8 
B1 : green 0,53 - 0,59 
B2 : red 0,625 - 0,695 
B3 : near infrared 0,76 - 0,89 
SPOT 5 
Panchromatic 0,48 - 0,71 2,5  or 5 
B1 : green 0,50 - 0,59 
10 B2 : red 0,61 - 0,68 
B3 : near infrared 0,78 - 0,89 
B4 : short wave infrared  1,58 - 1,75 20 
SPOT 4 
Monospectral 0,61 - 0,68 10 
B1 : green 0,50 - 0,59 
20 
B2 : red 0,61 - 0,68 
B3 : near infrared 0,78 - 0,89 
B4 : short wave infrared  1,58 - 1,75 
SPOT 1,2,3 
Panchromatic 0,51 - 0,73 10 
B1 : green 0,50 - 0,59 
20 B2 : red 0,61 - 0,68 
B3 : near infrared 0,78 - 0,89 
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Table 6 MODIS sensor spectral bands.  
(source: http://modis.gsfc.nasa.gov/about/) 
Band 
Wavelength 
(m) 
Band 
Wavelength 
(m) 
Band 
Wavelength 
(m) 
1 0,620 - 0,670 13 0,662 - 0,672 25 4,482 - 4,549 
2 0,841 - 0,876 14 0,673 - 0,683 26 1,360 - 1,390 
3 0,459 - 0,479 15 0,743 - 0,753 27 6,535 - 6,895 
4 0,545 - 0,565 16 0,862 - 0,877 28 7,175 - 7,475 
5 0,1230 - 0,1250 17 0,890 - 0,920 29 8,400 - 8,700 
6 0,1628 - 0,1652 18 0,931 - 0,941 30 9,580 - 9,880 
7 0,2105 - 0,2155 19 0,915 - 0,965 31 10,780 - 11,280 
8 0,405 - 0,420 20 3,660 - 3,840 32 11,770 - 12,270 
9 0,438 - 0,448 21 3,929 - 3,989 33 13,185 - 13,485 
10 0,483 - 0,493 22 3,929 - 3,989 34 13,485 - 13,785 
11 0,526 - 0,536 23 4,020 - 4,080 35 13,785 - 14,085 
12 0,546 - 0,556 24 4,433 - 4,498 36 14,085 - 14,385 
On board the Terra satellite, there is also the Advanced Spaceborne Thermal 
Emission and Reflection Radiometer (ASTER), which provides images of Earth in 14 
different bands (Table 7) from visible to thermal infrared, with a spatial resolution 
ranging between 15 m to 90 m. Different indexes (e.g. NDVI NDSI, NDWI) and 
surface temperature images produced from ASTER data before and during the 
floods have been used to estimate flooded areas in the daytime [82][83][84].  
Among the coarse spatial resolution sensors, Advanced Very High Resolution 
Radiometer (AVHRR) from NOAA’s series of polar-orbiting satellites (at present 9 
satellites) have received considerable attention and have been extensively used to 
study regional, continental and global phenomena [85]. The AVHRR is a broad-band 
sensing in the visible, near and thermal infrared portions of the electromagnetic 
spectrum. It collects image with a spatial resolution of approximately of 1,1 km and 
it is outstanding for its temporal resolution: the NOAA satellites pass twice daily 
above each location [86] allowing to monitor the progress of a flood in near real-
time and increasing the possibilities of getting cloud-free data. Since the early 
application of NOAA data for studying the 1973 flood in the Mississippi [87], many 
successful applications of NOAA/AVHRR data for flooded area mapping, using time 
series data and various indexes (e.g. NDVI and NDWI), have been reported in the 
literature [88][57][89][90].  
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Table 7 ASTER technical specifications  
(source: https://asterweb.jpl.nasa.gov/) 
Band 
Wavelength  
(m) 
Pixel size 
(m) 
Description 
VNIR_Band1 0,520–0,600 
15 
Visible green/yellow 
VNIR_Band2 0,630–0,690 Visible red 
VNIR_Band3N 0,760–0,860 
Near infrared 
VNIR_Band3B 0,760–0,860 
SWIR_Band4 1,600–1,700 
30 Short-wave infrared 
SWIR_Band5 2,145–2,185 
SWIR_Band6 2,185–2,225 
SWIR_Band7 2,235–2,285 
SWIR_Band8 2,295–2,365 
SWIR_Band9 2,360–2,430 
TIR_Band10 8,125–8,475 
90 
Long-wave infrared 
or thermal IR 
TIR_Band11 8,475–8,825 
TIR_Band12 8,925–9,275 
TIR_Band13 10,250–10,950 
TIR_Band14 10,950–11,650 
Table 8 NOOA/AVHRR sensors spectral range  
(source: http://edc2.usgs.gov/1KM/avhrr_sensor.php) 
Band 
Wavelength (m) 
NOAA-6,8,10 NOAA-7,9,11,12,14 NOAA-15,16,17,18,19 
1 0,58 - 0,68 0,58 - 0,68 0,58 - 0,68 
2 0,725 - 1,10 0,725 - 1,10 0,725 - 1,10 
3A x x 1,58-1,64 
3B 3,55 - 3,93 3,55 - 3,93 3,55 - 3,93 
4 10,50 - 11,50 10,3 - 11,3 10,50 - 11,50 
5 band 4 repeated 11,5 - 12,5 11,5 - 12,5 
Relatively few works have used very high-resolution optical sensors (e.g. IKONOS, 
QuickBird, WorldView, GeoEye, etc.) to study flooding [91][92][93]. The high costs 
may still be a limitation for obtaining very high resolution images, especially for 
multiple dates after the occurrence of main triggering events; therefore, the use of 
very high resolution images have not been very popular yet for flood mapping. 
However, products from these images have been used to assess the post-flood 
damage and recovery effort [29][94]. 
Microwave remote sensing (wavelength 0,75 - 30 cm) provides valuable information 
for flood mapping and monitoring not only because the data acquisition is 
 FLOOD MAPPING AND MONITORING 
 
30 
 
independent of daytime and weather conditions, but also for the high backscatter 
contrast that exists between water and other cover classes [55]. Water bodies act 
as a mirror-reflecting surface, their response is low (low backscatter) and then looks 
like a dark area. The earth, for its part, gives a much greater amount of radar energy 
due for example to the surface roughness and this generates the high contrast 
between soil surfaces and water [95]. 
In Table 9 The characteristics of some SAR satellite used for flood detection and 
monitoring are shown [96][97][98][99][100].  
Table 9 Characteristics of some SAR satellite 
Satellite 
Launch 
(End of service) 
Band 
Wavelength 
(cm) 
Spatial resolution              
(m) 
Repeat cycle              
(days) 
RADARSAT-1/RADARSAT-
2 
1995/2007 
(2013) 
C Band 5,6 8-100/1-100 24 
ERS-1/ERS-2 
1991/1995 
(2000/2011) 
C Band 5,6 30 35 
Envisat 
2002  
(2012) 
C Band 5,6 30 35 
Sentinel-1A/Sentinel1B 2014/2016 C Band 5,5 5-100 12 
Cosmo-SkyMed 2007/2008 X Band 3,1 1-30 16 
TerraSAR-X/TanDEM-X 2007/2010 X Band 3,1 1-18 11 
ALOS-PALSAR 
2006  
(2011) 
L Band 23,6 7-100 46 
Various SAR data have been used and tested to map the flood extent in versatile 
environments. A few techniques have been proposed in literature to obtain flood 
maps or to be used as a support to photo interpretation. Appropriate colour 
compositions are able to enhance the changes occurred in a multitemporal 
sequence, so as to locate and qualitatively evaluate flooded and non-flooded areas. 
The same region’s multi-date SAR scenes can be projected to red, green and blue 
channels in producing a colour composite that can effectively show the progress of 
an inundation during a particular time period. This technique is quite easy to carry 
out and it gives a chance to readily detect those areas that remains water logged for 
a maximum time period [101].  
For mapping the extent of flooded areas using SAR data and to provide a 
quantitative result classification, change-detection and segmentation methods must 
be used to take the contextual spatial arrangements of pixels into account [102]. 
Thresholding is one of the most commonly adopted methods to discriminate 
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between flooded and non-flooded areas [101][103][104]. This approach is founded 
on the low radar return from smooth open water bodies that behave as specular 
reflectors, but it does not provide satisfactory results in vegetated, forested and 
urban areas or in the presence of wind that roughens the water surface. Its 
advantage is represented by the computation efficiency that could make it suitable 
for rapid mapping purposes [105]. However, the choice of the threshold value is a 
critical aspect and it depends on environmental characteristics of the study area 
(e.g. land cover), as well as on system parameters (frequency band, polarization and 
observation angle) [106]. 
The coherence and amplitude change detection capabilities of SAR are generally 
exploited by using two images acquired pre and post the event [107][108]. The 
amplitude approach classifies as flooded the areas where the backscattering 
coefficient of the second image is considerably decreased with respect to first one 
[55]; therefore, the choice of the threshold values is again crucial. Techniques based 
on the coherence generally mark as inundated the areas where the coherence 
between the two images is very low [109]. Algorithms founded on segmentation 
techniques were also developed to delineate the boundaries of an inundated area 
[42][110][111].  
The most common problem in identifying flood extent from SAR images is 
associated with the relation between radar wavelength and roughness of the 
terrain and water body [112]. Normally, pure and calm water acts as a specular 
reflector to the radar signals thus the radar antenna receives no backscatter and the 
water appears in dark tone in the images. The appearance of the rough water 
surface is brighter than the appearance of the calm water. During floods, bad and 
windy condition usually prevails over the affected area. Wind induced ripples in the 
water surface frequently creates problems for the interpreter to determine the 
threshold value to delineate the flooded area [101]. Forest cover also poses an 
obstacle to accurately identify inundated areas from a SAR image. If vegetation 
emerges from the water surface or when detecting flooded forests, the observed 
surfaces may appear bright in SAR images because of the enhancement of the 
double bounce effect involving the floodwater and any vertical structure. The 
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situation can be even more complicated in flooded urban areas, where both 
specular and multiple reflections of the radar energy may occur [112]. In mountains, 
slopes positioned perpendicular to the radar beam only appear bright and all other 
areas appear as dark or shaded. This fact can constitute a problem in identifying the 
flooded areas in the mountains: due to its shaded appearance, it is very common to 
erroneously identify the mountainous areas as inundated [113]. 
Optical data contain information on the reflective and emissive characteristics of 
the targets in terms of spectral intensity. This spectral information is related to the 
chemical composition and moisture content of the observed target. On the other 
hand, SAR data contain information on the geometric structure, surface roughness 
and dielectric properties of natural and man-made objects [114]. Therefore, a wide 
spectrum of data can be available for the same observed scene.  
The integration of microwave and optical sensors may provide complementary data 
for a better understanding of the observed surface, by decreasing the uncertainty 
related to the single source and producing more detailed information than each of 
the component considered alone [115]. 
In recent years, flood mapping efforts synthesize the advantages of both optical and 
microwave remote sensing technologies for better results and accuracy [116][117]. 
Optical and SAR image fusion has been performed at three different processing 
levels: pixel level, feature level and decision level, using a wide variety of techniques 
[118]. Yonghua et al. (2007) used the principal components analysis and the 
intensity, hue and saturation method for Landsat ETM+ infrared bands and Radarsat 
data fusion, in order to extract flooded areas and water bodies [119]. For the same 
purpose, Dey et al. (2008) provided a decision fusion approach for combing 
classification results from Radarsat and Landsat ETM+ [120]. A similar flood 
mapping approach was presented by Kuehn et al. (2002) using the object oriented 
technology for the fusion of individual classification of SAR and ASTER images [121]. 
Although studies and techniques related to the multi-sensor analysis are numerous, 
the use of data acquired by different sensors is not straight forward and often 
requires iterative experiments to obtain at an optimal result.  
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2.2 Case of study: flood prone area in Dhaka district (Bangladesh) 
Due to the increase in world population and the progressive development of 
national economies from merely agricultural systems, many cities have been 
undergoing a rapid and often uncontrolled growth. The conversion of arable land 
into urban areas, the destruction of habitats and the decrease of spontaneous 
vegetation cover are the main consequences of the urban sprawl. In the last few 
decades, land use/cover changes, due to human activities, occurred more rapidly in 
developing countries than in the developed world. Like other developing countries, 
Bangladesh has been experiencing rapid urbanization and Dhaka, its capital, is 
expected to grow by 2020 to more than 50 times its size in 1950 [122]. In fact, in 
recent decades a rapid increase in urban population has occurred in Dhaka, 6,6 
million people in 1990 and 16,9 in 2014. The rural-urban migration has significantly 
contributed to this growth; the city’s population is growing by 1400 new arrivals a 
day [7] and it is estimated that in 2030 Dhaka will have almost 27,4 million of 
inhabitants [6]. Unfortunately, the absence of an appropriate urban planning has 
been further contributing to an urban sprawl, resulting in widespread 
environmental problems throughout the city [123]. The increase in impervious 
surfaces, resulting from the rapid and uncontrolled urbanization, is not only 
threatening the agricultural land but also the local watershed, damaging and 
reducing the local water resources and exacerbating the impacts of water flows 
during the monsoon season, that typically affects the territory from May to 
October. Moreover, most parts of Dhaka city have already been occupied. As a 
result, new areas are being reclaimed by both government and private agencies. In 
many cases, the practice for developing these new areas is just to fill lowlands (i.e., 
ditches, lakes etc.) with dredged material; therefore, silty sand collected from 
riverbed and riverbank are pumped and transferred to the point of deposition 
[124][125] (Figure 8).  
Due to the high pressure on urban space, many flood-vulnerable urban fringe areas 
have been overcrowded by squatter settlements which lack most of the effective 
flood-proofing devices and alleviation measures [126] (Figure 9).  
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In this kind of context, satellite images can support the monitoring of highly 
dynamic phenomena related both natural events and to anthropogenic aspects, 
which are difficult to assess on a large scale in a different way. The contribute of 
multi-temporal Landsat images for mapping and monitoring flood prone areas in 
Dhaka district and for detecting the impact of urbanization and land use/cover 
changes on surface water system is described in the later sections.  
 
Figure 8 Barges pump sand from the river bed to be distributed across lowlands (left);  
The Pink City an example of new built-up area in the East of Dhaka (right).  
(source: http://www.kierantimberlake.com/files/pages/262/sandfill-2.jpg; 
http://static.panoramio.com/photos/large/61130031.jpg) 
 
Figure 9 Korial the largest slum in Dhaka (left); Raw sewage drains from slum neighbourhood 
directly onto the trash-strewn banks of the Buriganga River (right).  
(source: http://rippleeffectimages.photoshelter.com/img/pixel.gif; 
http://www.cbsnews.com/news/dhaka-bangladesh-fastest-growing-city-in-the-world/) 
2.2.1 The study area 
Regionally, the study area is located in the center of Bangladesh between 
23°54’7’’N, 90°18’28’’E and 23°39’38’’N, 90°31’32’’E. It covers about 591 km2 and 
includes Dhaka, the capital of Bangladesh (Figure 10). Dhaka lies in sub-tropical 
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monsoon zone under humid climatic condition. The city experienced about 2.000 
mm annual rainfall, of which, more than 80% occurs during the monsoon season 
from May to October [127]. Dhaka is situated on an alluvial terrace, called 
Modhupur, and it is surrounded by the Tongi Canal to the North, the Buriganga 
River to the South, the Balu River to the East and the Turag River to the West. The 
surface elevation of this area ranges from 0,5 to 12 m. Therefore, these lowlands, 
which serve as detention basin, with the occurrence of heavy monsoon rains, make 
the territory severely exposed to flooding [128]. 
 
Figure 10 The study area in Dhaka district (Bangladesh). 
2.2.2 Data and methodology 
A Landsat time-series was processed by means of per-pixel classification in order to 
analyse the evolution of the study area during an ordinary monsoon season and to 
investigate the impacts induced by the urban growth on the surface water system.  
Post-classification change detection approach was then performed to compare the 
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multitemporal land use/cover maps thus to quantify the flooded areas and long 
term changes of water system.   
2.2.2.1 Data collection 
For mapping routinely flooded areas during an ordinary monsoon season, a Landsat 
image acquired in October 2009 (post-monsoon) was collected and then compared 
with two images of 2010, of January and February respectively, which show the 
territory three/four months after flooding. In order to evaluate and monitor long 
term changes on surface water system due to the urban growth and land use/cover 
changes, three Landsat images of 2000, 2009 and 2013 were used. For this purpose, 
images acquired in November/October, when the side effects of the monsoon rains 
are more evident, were chosen (Table 10).  
These five images were chosen among the available time-series with limited cloud-
cover from the free Landsat Archive [129]. In addition, geospatial information 
provided by ITHACA [49] were used; they include land use map, administrative 
subdivisions (Thana) and major rivers. These data, referred to the local geodetic 
system Everest_Adj_1937, were projected in UTM-WGS 84, to allow the comparison 
with satellite images. 
Table 10 List of the collected satellite images and their specific employment.  
Date Satellite Sensor Resolution Product level Application 
26.11.2000 Landsat7 ETM+ 30 m 1T 
land use/cover changes 
impact on water system 
26.10.2009 Landsat5 TM 30 m 1T 
monitoring ordinary flood 
land use/cover changes 
impact on water system 
30.01.2010 Landsat5 TM 30 m 1T monitoring ordinary flood 
15.02.2010 Landsat5 TM 30 m 1T monitoring ordinary flood 
06.11.2013 Landsat8 OLI 30 m 1T 
land use/cover changes 
impact on water system 
2.2.2.2 Image processing 
The Landsat L1T products consist of geometrically corrected images, which are 
coherent each other, being orthorectified by the same dataset (GLS2000). The 
multispectral bands were calibrated to Top Of Atmosphere (TOA) reflectance, while 
TIR bands were calibrated to radiance and then normalized in respect to the 
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maximum value. The size of a Landsat scene is 170 km x 185 km, therefore all the 
images were cropped on the study area. 
All the images were processed independently of each other using the pixel-based 
classification using maximum likelihood with a threshold equal to 0,95 in order to 
produce land use/cover maps (Figure 11).  
The training samples or Region Of Interest (ROI) for the classification were derived 
only from the classified image itself therefore the atmospheric correction was 
unnecessary [130][131]. The thermal band of Landsat imagery was included in the 
classification process [132], because it was able to improve the separability of the 
classes in the investigated area, as demonstrated by the ROI separability indexes 
showed in Table 12; for each class-row the first line of the table reports the 
separability indexes using only the six TM multispectral bands, whereas the second 
line (grey) shows the same indexes computed on the six multispectral bands plus 
the thermal band 6.  
Seven basic informative classes were identified by photointerpretation and spectral 
profile analyses, and for each one some training sites were selected. In Table 11 
these classes are described and the training sites used for each classification are 
listed. The images of 2010, acquired far from monsoon season, show no flooded 
areas, thus Water_1 and Water_2 classes were replaced with a single one, called 
Water, which represents the permanent water bodies in the study area. 
The image processing was performed using ENVI 5.2 software [133]. 
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Table 11 Description of the informative classes adopted for land use/cover maps and training sites 
used for each classification. 
Class Description 
Training sites for each image 
26.11.2000 26.10.2009 30.01.2010 15.02.2010 06.11.2013 
Build up 
Urban areas, buildings, 
roads, slum, airports etc. 
16/628 18/753 18/753 18/797 17/719 
Bare soil 
Excavation areas, filled 
area, exposed soil. 
7/337 16/643 17/659 17/659 20/444 
Vegetation 
Deep vegetated areas 
(deciduous, coniferous, 
palm forests, etc.). 
9/533 16/643 12/524 14/569 11/458 
Cultivated 
land 
Agricultural areas, fallow 
lands and crop fields. 
7/526 11/688 9/551 11/613 8/407 
Water_1 
Water with suspended 
solids and sediment 
transport (river, creeks, 
flooded areas). 
12/618 15/550 - - 14/426 
Water_2 
Water in contact with 
vegetation (irrigation 
ditches, lakes, flooded 
vegetated areas). 
22/713 16/602 - - 20/413 
Water 
Permanent water bodies 
(river, creeks, ditches, 
lakes) 
- - 23/629 25/639 - 
Wetland/ 
lowland 
Low and wet areas, 
periodically flooded 
areas. 
- - 16/461 14/436 - 
  
n polygons/n pixels 
Table 12 Example of ROI separability indexes for Landsat of October 2009  using only the six TM 
multispectral bands and computed on the six multispectral bands plus the thermal band. 
 Build up Bare soil Vegetation Cultivated land Water_1 Water_2 
Build-up 
  1,85191006 1,99991367 1,98393738 1,98685897 1,99999834 
(+thermal) 1,86720849 1,99993167 1,99062438 1,98894909 1,99999999 
Bare soil 
    1,99994757 1,81527047 1,99944104 1,99995637 
  (+thermal) 1,99996853 1,94384719 1,99946876 1,99997308 
Vegetation 
      1,84188508 1,99998385 1,99999186 
    (+thermal) 1,85958818 1,99998703 1,99999778 
Cultivated land 
        1,99994127 1,99999999 
      (+thermal) 1,99998389 2,00000000 
Water_1 
          1,82833533 
        (+thermal) 1,88551565 
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Figure 11 Multi-temporal land use/cover map of Dhaka district. 
2.2.2.3 Accuracy assessment: map validation 
Ground truth data were not available for the study area, therefore a rigorous 
validation was not possible. However, for a first assessment of the classification 
accuracy, a number of check points was identified on the Landsat images and their 
land cover class was verified by photointerpretation of high-resolution colour 
images (Figure 12). In particular, for each class, about one hundred ground truth 
points were selected and the confusion matrixes were compiled. 
The high-resolution images have been available since 2001 and they have covered 
the entire study area only since 2004. Therefore, the 2000 map validation was not 
possible. For all the other an accuracy higher than 90% was achieved (Table 
13,Table 14, Table 15, Table 16). 
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Figure 12 Ground truth points in February Landsat image (left); three examples extracted from 
high resolution images (right). 
Table 13 Confusion matrix for 26-10-2009 map. 
26-10-2009 Ground Truth (Pixels) 
Class Build up Bare soil Vegetation Cultivated land Water Total 
Unclassified 0 1 0 0 0 1 
Build up 102 5 0 0 4 111 
Bare soil 0 94 0 0 0 94 
Vegetation 2 0 96 2 4 104 
Cultivated land 3 1 6 101 2 113 
Water 3 0 1 0 93 97 
Total 110 101 103 103 103 520 
Overall Accuracy (486/520) 93,46% 
    
Kappa Coefficient 0,918 
     
Class 
Commission  
(Pixels) 
Omission  
(Pixels) 
Prod. Acc.  
(Pixels) 
User Acc. 
(Pixels)   
Build up 9/111 8/110 102/110 102/111 
  
Bare soil 0/94 7/101 94/101 94/94 
  
Vegetation 8/104 7/103 96/103 96/104 
  
Cultivated land 12/113 2/103 101/103 101/113 
  
Water 4/97 10/103 93/103 93/97 
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Table 14 Confusion matrix for 30-01-2010 map. 
30-01-2010 Ground Truth (Pixels) 
 
Class Build up Bare soil Vegetation Cultivated land Water Wetland/lowland Total 
Unclassified 0 0 0 0 0 0 0 
Build up 99 5 0 0 3 2 109 
Bare soil 0 99 0 0 0 0 99 
Vegetation 2 0 100 3 3 0 108 
Cultivated land 3 0 4 99 0 1 107 
Water 3 0 1 0 89 8 101 
Wetland/lowland 0 0 0 0 6 91 97 
Total 107 104 105 102 101 102 621 
Overall Accuracy (577/621) 92,91% 
     
Kappa Coefficient 0,915 
      
Class 
Commission 
(Pixels) 
Omission 
(Pixels) 
Prod. Acc. 
(Pixels) 
User Acc. 
(Pixels)    
Build up 10/109 8/107 99/107 99/109 
   
Bare soil 0/99 5/104 99/104 99/99 
   
Vegetation 8/108 5/105 100/105 100/108 
   
Cultivated land 8/107 3/102 99/102 99/107 
   
Water 12/101 12/101 89/101 89/101 
   
Wetland/lowland 6/97 11/102 91/102 91/97 
   
Table 15 Confusion matrix for 15-02-2010 map. 
15-02-2010 Ground Truth (Pixels) 
 
Class Build up Bare soil Vegetation Cultivated land Water Wetland/lowland Total 
Unclassified 0 0 0 0 0 0 0 
Build up 86 1 0 0 3 2 92 
Bare soil 2 100 0 0 0 0 102 
Vegetation 4 0 89 3 3 1 100 
Cultivated land 7 0 6 94 2 2 111 
Water 1 0 1 0 84 7 93 
Wetland/lowland 0 0 1 1 6 83 91 
Total 100 101 97 98 98 95 589 
Overall Accuracy (536/589) 91,00% 
     
Kappa Coefficient 0,892 
      
Class 
Commission 
(Pixels) 
Omission 
(Pixels) 
Prod. Acc. 
(Pixels) 
User Acc. 
(Pixels)    
Build up 6/92 14/100 86/100 86/92 
   
Bare soil 2/102 1/101 100/101 100/102 
   
Vegetation 11/100 8/97 89/97 89/100 
   
Cultivated land 17/111 4/98 94/98 94/111 
   
Water 9/93 14/98 84/98 84/93 
   
Wetland/lowland 8/91 12/95 83/95 83/91 
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Table 16 Confusion matrix for 06-11-2013 map. 
06-11-2013 Ground Truth (Pixels) 
Class Build up Bare soil Vegetation Cultivated land Water Total 
Unclassified 0 0 0 0 0 0 
Build up 97 4 0 0 5 106 
Bare soil 2 96 0 0 0 98 
Vegetation 4 0 91 4 2 101 
Cultivated land 4 0 7 90 2 103 
Water 4 0 0 0 92 96 
Total 111 100 98 94 101 504 
Overall Accuracy (466/504) 92,46% 
    
Kappa Coefficient 0,9057 
     
Class 
Commission 
(Pixels) 
Omission 
(Pixels) 
Prod. Acc. 
(Pixels) 
User Acc. 
(Pixels)   
Build up 9/106 14/111 97/111 97/106 
  
Bare soil 2/98 4/100 96/100 96/98 
  
Vegetation 10/101 7/98 91/98 91/101 
  
Cultivated land 13/103 4/94 90/94 90/103 
  
Water 4/96 9/101 92/101 92/96 
  
From the confusion matrix, some observations about the errors affecting the 
classification come out. Commission errors were outlined between Vegetation and 
Cultivated classes and they are probably due to a similar spectral pattern of trees or 
plants and certain plantations. A similar situation occurs in the 2010 maps for Water 
and Wetland/lowland classes.  
Isolated houses in dense vegetated areas or small canals running through built-up 
areas or extensive cultivated land were not detected, because of the spatial 
resolution of Landsat images. 
Commission errors affects the Bare soil class; in particular, in correspondence of 
sandy or clayey material saturated with water (river banks or filling material in 
contact with water), the classifier incorrectly detects urban areas. This can be 
explained considering that the aggregate on the river banks and mixtures of sand 
clay and water are used to produce bricks or as construction material in the slum 
shacks. Therefore, the error resulting from the confusion between Bare soil and 
Build-up classes depends on the impossibility to distinguish between very similar 
materials that have almost coincident spectral characteristics (Figure 13). The same 
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problem occurs for Water and Wetland/lowland classes at low water levels with a 
sandy bottom. 
 
Figure 13 Spectral profile comparison between pixels belonging to filling material in contact with 
water (yellow) and urban areas (red).  
2.2.3  Results  
The maps of Dhaka district, obtained from the classification of the Landsat images, 
were compared through change detection analyses for mapping systematically 
flooded areas due to the monsoon rains and for evaluating the impacts of the rapid 
urban growth on the surface water system. For the change detection purpose, 
water classes were merged into a single class. 
2.2.3.1 Ordinary monsoon season flooding 
Comparing post-monsoon map of October 2009 with January and February 2010 
maps, the water bodies which are permanently present in the area and the areas 
routinely flooded during the monsoon season were identified and quantified. 
In the three classified maps, pixels belonging to Water class were isolated and 
coloured respectively in red, green and blue in a new combined representation 
(Figure 14). In the generated image, permanent water bodies appear in white 
colour because the corresponding pixels are classified as water in all the three 
maps. The flooded areas were identified by subtracting the permanent water 
bodies from the Water class of October 2009 in GIS environment. To verify the 
correctness of the procedure, the obtained data related to water bodies were 
compared with the vector map of the major rivers. In particular, the water bodies 
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always present in the territory occupy 27,2 km2, whereas the flooding affects  
115 km2. 
 
Figure 14 Overlapping of the Water class pixels in the three Landsat maps  
(October 2009, January 2010 and February 2010) combined in a RGB composition (left);  
the resulting permanent water bodies and flooded areas (right). 
Through the comparison between the 2009 map and the two subsequent maps of 
2010, the evolution of flooding was also investigated. In October, Water class 
(water bodies and flooding) covers about 142 km2 of the studied area. Between 
October and January, Water class is reduced by 89,3 km2 (Table 17), leaving space 
mainly to cultivated fields (17,1 km2) and large wetlands (65,3 km2) (Figure 15). 
Between October and February, the Water class recession is equal to 96 km2 (Table 
18). Even in this case, the space occupied by the flooding is replaced by wetlands 
and fields but in different proportions. Compared to October-January period, the 
cultivated fields increased (46,7 km2) and wetland decreased (33,3 km2) (Figure 15). 
Therefore, after four months, the flooded areas in October appear as areas of 
intense agricultural activity; they are extensive cultivations of boro rice, identified 
combining the land use data provided by ITHACA (Figure 16). In fact, the 
exploitation of naturally flooded areas for rice cultivation is a common practice in 
Bangladesh [134].  
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Table 17 October 2009 - January 2010 land use/cover changes matrix (km
2
). 
  
October 2009 
  
Build up Bare soil Vegetation 
Cultivated 
land 
Water 
Wetland/ 
lowland 
Unclass. Total 
Ja
n
u
ar
y 
2
0
1
0
 
Unclass. 0,0 0,0 0,0 0,1 0,0 0,0 0,1 0,2 
Build up 90,2 5,5 2,0 6,4 5,9 0,0 0,0 110,0 
Bare soil 6,9 28,1 2,5 23,8 3,8 0,0 0,3 65,4 
Vegetation 1,3 0,5 55,1 31,3 7,4 0,0 0,0 95,6 
Cultivated land 10,6 3,0 15,4 122,9 21,9 0,0 0,1 173,9 
Water 1,9 0,8 7,5 4,8 38,0 0,0 0,0 53,0 
Wetland/lowland 0,2 0,8 9,3 17,6 65,3 0,0 0,0 93,1 
Total 111,2 38,7 91,7 206,9 142,2 0,0 0,5 
 
 
Class Changes 21,0 10,6 36,6 84,0 104,2 0,0 0,4 
 
 
Image Diff. -1,1 26,7 3,9 -33,1 -89,3 0,0 -0,3 
 
Table 18 October 2009 - February 2010 land use/cover changes matrix (km
2
). 
  
October 2009 
  
Build up Bare soil Vegetation 
Cultivated 
land 
Water 
Wetland/ 
lowland 
Unclass. Total 
Fe
b
ru
ar
y 
2
0
1
0
 
Unclass. 0,0 0,2 0,2 0,6 0,3 0,0 0,0 1,4 
Build up 88,2 6,0 1,8 5,5 4,3 0,0 0,1 105,8 
Bare soil 7,6 26,6 2,5 28,2 4,4 0,0 0,3 69,7 
Vegetation 3,7 1,0 50,4 30,8 15,6 0,0 0,0 101,5 
Cultivated land 10,1 3,8 23,8 124,0 52,2 0,0 0,1 213,9 
Water 1,5 0,8 6,4 5,5 32,0 0,0 0,0 46,2 
Wetland/lowland 0,1 0,4 6,5 12,4 33,3 0,0 0,0 52,7 
Total 111,2 38,7 91,7 206,9 142,2 0,0 0,5 
 
 
Class Changes 23,0 12,1 41,3 83,0 110,2 0,0 0,5 
 
 
Image Diff. -5,4 31,0 9,8 7,0 -96,0 0,0 0,9 
 
 
    
Figure 15 Water class reduction (km
2
) between October and January (left) and between  
October and February (right).  
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Figure 16 A portion of the Dhaka district classifications showing widespread flooding in October 
2009, becoming wetland in January and cultivated land in February 2010. 
2.2.3.2 Long term monitoring of the Dhaka district surface water system  
To evaluate the impacts of the urbanization and the land use/cover conversion on 
the water system, land use transition matrixes were performed comparing 2000, 
2009 and 2013 maps (Table 19, Table 20, Table 21). From this comparison the 
pronounced increase of built-up areas and areas taken up by bare soil was 
observed. Vegetated areas remained almost unchanged, whereas water areas and 
cultivated lands experienced a reduction (Table 22 and Figure 17).  
Table 19 Land use/cover change matrix (km
2
) between the 2000 and 2009 maps. 
  
2000 
  
Build up Bare soil Vegetation 
Cultivated 
land 
Water Unclass. Total 
2
0
0
9
 
Unclass. 0,0 0,0 0,1 0,2 0,1 0,0 0,5 
Build up 60,1 2,6 4,5 38,0 5,9 0,0 111,2 
Bare soil 4,2 2,8 2,0 13,1 16,7 0,0 38,7 
Vegetation 1,9 0,8 46,9 33,0 9,1 0,0 91,7 
Cultivated land 5,5 6,2 37,1 127,8 30,3 0,1 206,9 
Water 3,2 1,7 4,8 19,9 112,6 0,0 142,2 
Total 74,8 14,1 95,4 232,0 174,7 0,2 
 
 
Class Changes 14,7 11,3 48,5 104,2 62,1 0,2 
 
 
Image Diff. 36,3 24,6 -3,7 -25,0 -32,5 0,3 
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Table 20 Land use/cover change matrix (km
2
) between the 2009 and 2013 maps. 
  
2009 
  
Build up Bare soil Vegetation 
Cultivated 
land 
Water Unclass. Total 
2
0
1
3
 
Unclass. 0,2 0,3 0,1 1,0 0,2 0,2 2,1 
Build up 93,7 7,4 2,4 11,8 3,5 0,0 118,8 
Bare soil 4,5 15,2 5,0 25,7 16,0 0,1 66,4 
Vegetation 3,9 1,0 53,4 31,1 2,5 0,0 91,8 
Cultivated land 8,2 13,9 23,4 122,2 23,7 0,1 191,4 
Water 0,6 1,0 7,5 15,1 96,4 0,0 120,6 
Total 111,2 38,7 91,7 206,9 142,2 0,5 
 
 
Class Changes 17,5 23,5 38,3 84,8 45,8 0,3 
 
 
Image Diff. 7,7 27,7 0,2 -15,5 -21,6 1,6 
 
Table 21 Land use/cover change matrix (km
2
) between the 2000 and 2013 maps. 
  
2000 
  
Build up Bare soil Vegetation 
Cultivated 
land 
Water Unclass. Total 
2
0
1
3
 
Unclass. 0,2 0,1 0,2 1,2 0,4 0,0 2,1 
Build up 62,8 3,6 5,0 40,9 6,5 0,0 118,8 
Bare soil 3,3 2,9 6,4 25,8 28,0 0,0 66,4 
Vegetation 2,0 0,7 46,7 37,5 4,9 0,0 91,8 
Cultivated land 4,9 5,3 31,6 108,2 41,4 0,1 191,4 
Water 1,6 1,5 5,5 18,5 93,5 0,0 120,6 
Total 74,8 14,1 95,4 232,0 174,7 0,2 
 
 
Class Changes 12,0 11,2 48,7 123,8 81,2 0,2 
 
 
Image Diff. 44,0 52,3 -3,6 -40,5 -54,1 1,9 
 
Table 22 Summary of land use/cover type areas for 2000, 2009 and 2013 and land use/cover 
change between 2000-2009 and 2009-2013. 
Class 
2000 2009 2013 
Land use/cover change 
(km2) 
Total changes 
(km2) 
Area 
(km2) 
% of 
total land 
Area 
(km2) 
% of total 
land 
Area 
(km2) 
% of total 
land 
2000-2009 2009-2013 2000-2013 
Unclass. 0,2 0,0 0,5 0,1 2,1 0,3 0,3 1,6 1,9 
Build up 74,8 12,7 111,2 18,8 118,8 20,1 36,3 7,7 44,0 
Bare soil 14,1 2,4 38,7 6,5 66,4 11,2 24,6 27,7 52,3 
Vegetation 95,4 16,1 91,7 15,5 91,8 15,5 -3,7 0,1 -3,6 
Cultivated 
land 
232,0 39,2 206,9 35,0 191,4 32,4 -25,0 -15,5 -40,5 
Water 174,7 29,6 142,2 24,1 120,6 20,4 -32,5 -21,6 -54,1 
Total 591,2 100,0 591,2 100,0 591,2 100,0 
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Figure 17 Land use/cover type areas for 2000, 2009 and 2013 (left) and  
total land use/cover changes (right). 
During 2000-2009 period Build-up class increased approximately by 49%, from 74,8 
km2 to 111,2 km2, and Bare soil class grew more than double, from 14,1 km2 to 38,7 
km2. In the years 2009-2013, while the growth of built-up areas was moderate (7,7 
km2), just in four years the surface occupied by bare soil  increased from 38,7 km2 to 
66,4 km2  with a similar trend recorded in the decade 2000-2009. Simultaneously, 
the reduction of cultivated field equal to 25 km2 and 15,5 km2 was observed 
between 2000-2009 and 2009-2013 respectively. Furthermore, the Water class 
decreased by 32,5 km2 and 21,6 km2 in the two time intervals investigated  
(Figure 17).  
The analysis of land use/cover conversion matrixes revealed that the urban growth 
is the main cause of the reduction of cultivated areas. In fact, Build up class 
increased by 44 km2 between 2000-2013 and the 82% of them (36 km2)  were 
composed by cultivated fields in 2000.The increase of bare soil was mostly due to 
the development  of new areas created filling low land with aggregate extracted 
from riverbed and riverbank. In particular, these expansions encroached 
systematically flooded areas and cultivated fields; in the period 2000-2013 Bare soil 
class increased by 52,3 km2, of which the 51% (26,5 km2) and the 39% (20,5 km2) 
respectively came from Water and Cultivated Land classes (Figure 18 and Figure 19). 
The results obtained by means of change detection analysis revealed the high 
increasing of the urbanization rate which is the main cause of the agricultural land 
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reduction; moreover, the achieved statistics confirmed that most parts of Dhaka 
city have already been occupied; therefore, to satisfy the requests of new 
constructing areas, especially by government and private agencies, the topography 
of large zones in city outskirts was modified. From the multitemporal land 
use/cover maps comparison it was possible to verify that this practice is performed 
filling with aggregate material flood prone lowlands and cultivated fields. This is also 
confirmed by the large increase of Bare soil class recorded for the period 2000-
2013.  
      
Figure 18 Land use/cover types (%) converted in Build-up (left) and Bare soil (right)  
between 2000-2013.
 
Figure 19 The development of a new areas in the North-East of Dhaka district  
during 2000, 2009 and 2013. 
82% 
18% 
Area changed in Build up 2000-2013 
Cultivated land
Other
39% 
51% 
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2.2.4 Considerations 
The results of the presented experiment highlight the potential of satellite remote 
sensing data for mapping and monitoring flood prone areas.  
By means of Landsat time series processing, performed after the Maximum 
Likelihood classification, it was possible to generate multitemporal land use/cover 
maps of Dhaka district.  Firstly, the comparison between these thematic maps 
allowed to analyse the evolution of the territory during an ordinary monsoon 
season which generally occurs in the study area from May to October. The 
maximum flooding extension was delineated and the water recession, after three 
and four months from the monsoon occurrence, was assessed. Then, the long term 
monitoring of the Dhaka district was performed in order to evaluate the impacts of 
the urbanization and the land use/cover conversion on the surface water system. 
Change matrixes were computed using post-classification change detection 
procedures in order to quantify the spatial phenomena under investigation. 
Despite this process suffers the lack of ground reference data, the validation 
procedure, performed collecting ground truth points by photointerpretation, 
showed   accuracy values exceeding the 90%, confirming the effectiveness of 
Landsat images for the identification of the different types of coverage. 
Flooding maps, statistics and various information about the study area, obtained as 
described in the previous sections, may be useful for supporting suitable urban 
planning and decision making in respect to recurrent flooding events, for  the 
identification of flood risk mitigation actions and to establish emergency strategies. 
Moreover, the procedure followed in this work could be reproduced in future image 
acquisitions for the long term monitoring of the study area, of particular interest in 
recovery and rehabilitation perspective.  
This work is an example of using satellite images as a support for the generation of 
new products and for updating existing databases in order to make available more 
detailed information concerning a territory, with particular reference to those 
areas, such as Dhaka district, characterized by ongoing phenomena related both to 
anthropogenic aspects and natural events.   
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The proposed methodology may be applied in other region affected by similar risk 
and characterized by marked seasonality, if a cloud-free multispectral time series 
(coupled with a certain number of high resolution images for training site purpose) 
is available. 
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CHAPTER 3 
FLOOD DAMAGE ASSESSMENT 
During and immediately following a disaster, timely and detailed situation reports 
are required to locate and identify the affected areas and then to implement 
corresponding damage mitigation measures and to address emergency situations 
such as dealing with diversion of flood water, evacuation, rescue, resettlement, 
water pollution, health hazards and handling the interruption of utilities. This is the 
most delicate management category since it involves rescue operations and the 
safety of people and property. After flood, re-building destroyed or damaged 
facilities and adjustments of the existing infrastructure occur. The time factor is not 
as critical as during a disaster [135].  
Flood damages can be classified into direct and indirect damages. Direct damages 
are those which occur due to the physical contact of flood water with humans, 
property or any other objects. Indirect damages are induced by the direct impacts 
and occur, in space or time, outside the flood event. The costs of direct impacts are 
generally easier to quantify than indirect costs since indirect impacts may have 
effects on time scales of months and years. Both types can be further subdivided 
into tangible and intangible damages: tangible damages concerning man-made 
capital or resource flows which can be easily specified in monetary terms, whereas 
intangible damages are difficult to transfer to monetary values [136][137]. Table 23 
shows some examples for the different types of damage. 
Flood damage assessments can be performed on different spatial scales related to 
the spatial extent of the affected areas, the management level and specific 
objectives for which a study is meant to provide decision support (Table 24). Micro-
scale damages are calculated for single affected properties (building, infrastructure 
etc.); meso-scale assessment is based on spatial aggregations such as land use units, 
e.g. residential or industrial areas, or administrative units; their size is in the order 
of magnitude of 1 ha to 1 km2; macro-scale damages are evaluated for large-scale 
spatial units; typically, administrative units are used, e.g. municipalities, regions, 
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countries. Macro-scale analyses aim at providing decision support for national flood 
mitigation policies, meso-scale analyses are to support decisions on large-scale 
flood mitigation strategies and the objective of micro-scale analyses is the 
assessment of single flood protection measures. Messner et al. (2007) give 
recommendations for the choice of the appropriate approach [137]. 
Table 23 Flood damages categories and some examples. 
(source: adapted from Merz et al., 2010 [136]) 
 Tangible Intangible 
Direct 
Damage to buildings, contents, infrastructure 
Erosion of agricultural soil  
Destruction of harvest 
Damage to livestock 
Business interruption inside flooded areas  
Clean up costs and land and environment recovery 
Loss of life 
Health effects  
Psychological distress  
Damage to cultural heritage 
Negative effects on ecosystems 
Indirect 
Loss of industrial production 
Traffic disruption 
Disruption of public services outside flooded areas Induced 
production losses to companies outside flooded area  
Loss of tax revenue due to migration of companies in the 
aftermath of floods 
Loss of trust in authorities 
Inconvenience of post-flood 
recovery 
Increased vulnerability of survivors 
Table 24 Characteristics of macro, meso and micro scale approaches of flood damage assessment. 
(source: Messner et al., 2007 [137]) 
Scale 
Size of research 
area 
Management 
level 
Demands 
on precision 
Amount of resources 
per unit of area 
Amount of 
input data 
macro (inter-) national 
comprehensive flood 
mitigation policies 
low low low 
meso regional 
large-scale flood 
mitigation strategies 
medium medium medium 
micro local 
single protection 
measures 
high high high 
In this context, satellite remote sensing data, together with an operational GIS, can 
effectively help to plan many tasks. For mapping purposes, a pre-flood scene and a 
post-flood image can be compared to delineate the inundated areas. Then flood 
inundation maps can be exploited to define spatial extent of flooding and to identify 
the worst flood affected areas; moreover, using GIS to integrate the information 
extracted from remote sensing data and other available datasets, an evaluation of 
the flooding impact can be performed. For example, by overlaying flood inundation 
map and the administrative boundaries or land use/land cover maps, the 
submerged properties, crop areas, rail and road network affected by flooding etc. 
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can be identified for the damage assessment as well as for planning rescue 
operations and recovery actions. 
3.1 Post-flood damage evaluation by processing satellite images 
Numerous studies have shown the effectiveness of the satellite images collected 
before-during-after the flood, if they are available, in determining flood damage in 
different environments. Medium resolution data can be processed to establish the 
extent of the flood damages and to delineate new flood boundaries. Pantaleoni et 
al. (2007) used Landsat data along with change detection analysis to quantify 
agricultural damage in relation to flooding in Indiana [138]. Gianinetto et al. (2006) 
developed an integrated approach using slope data obtained from a Digital 
Elevation Model (DEM) with multitemporal Landsat images for post-flood damage 
evaluation [66]. Using overlay (intersection) operations in GIS environment between 
flood map extracted from MODIS and topographic maps, the districts, land 
cover/use categories, forest and agricultural lands, railway and roads, settlements 
and people affected by 2011 flood in Sindh province (Pakistan) have been 
quantified by Haq et al. (2012) [139]. 
High resolution data are suitable for identifying locations and the degree of 
damages. They can also be used as reference maps to rebuild bridges, roads, homes 
and facilities. Unsupervised method of change detection technique over very high 
resolution images has been proposed by Scarsi et al. (2014) for separating and 
quantifying different kinds of change occurred after the 2013 severe flood event in 
Colorado [140]. Chen et al. (2005) used a unsupervised classification on before and 
after 2004 tsunami SPOT5 images, quantifying the damaged land use types using an 
automatic change detection method [28]. Land use/cover data from a high 
resolution images may allow accurate flood damage assessments; Van der Sande et 
al. (2003) used the land cover information extracted from the IKONOS image in 
combination with water depth and the values of estimated costs obtained from the 
literature to assess the damage costs [91].  
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3.2 Case of study: The Bangladesh floods of 2004 
Bangladesh is located in South-East Asia and is bordered by India to its West, North 
and East and by Myanmar to its South-East. To its South, it faces the Bay of Bengal. 
Bangladesh is the world's eighth-most populous country, with almost 157 million 
people and among the most densely populated countries [11]. 
According to the World Risk Report published in 2014 among the 171 countries 
Bangladesh was ranked 5 because of lives and properties losses caused by natural 
disasters with repeated frequency in short intervals [7]. Almost every year natural 
disasters occur, such as floods, tropical cyclones, tornadoes, tidal waves, and their 
impact is compounded by soil degradation and erosion and human factors such as 
deforestation and urbanization [141] (Figure 20). As shown in Figure 21, among the 
natural disasters that occurred in Bangladesh between 1983-2014, floods were the 
most harmful both in terms of people affected and economic losses.  
Number of events 251 
Number of people killed 192.426 
Average killed per year 6.207 
Number of people affected 335.150.064 
Average affected per year 10.811.292 
Economic Damage  
(US$ X 1.000) 
17.092.500 
Economic Damage per year 
(US$ X 1.000) 
551.371 
  
Figure 20 Human and economic losses due to natural disasters (left) and occurrence of natural 
disasters type (right) reported between 1983 and 2014.  
(source: Emergency Events Database EM-DAT, http://www.emdat.be/) 
Bangladesh suffers annual flooding and once every three to five years, up to two-
thirds of Bangladesh is inundated by floods that cause substantial damage to 
infrastructure, housing, livelihoods and agriculture [142].  
There are some main causes that make this country dangerously subject to 
flooding: Bangladesh is located on an alluvial plain which contains almost 250 
perennial rivers; most of the country surface elevation is less than 5 m above sea 
level, only 13% of its territory, in the North and East, is hilly and high above sea 
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level; heavy monsoon rains affect the country from May to September; the rapid 
increase in river discharge due to the Himalaya snowmelt during spring [8].  
      
Figure 21 Percentage of people affected by disaster type (left) and estimated economic damages 
reported by disaster type (right) for the period 1983-2014.  
(source: Emergency Events Database EM-DAT, http://www.emdat.be/)  
Three main rivers flow in Bangladesh: the Ganges, whose lower course is known as 
the Padma; the Brahmaputra, whose lower reaches is known as the Jamuna and the 
Meghna, in the East of the Padma-Jumana area, half of which lies in Bangladesh 
(Figure 22). Due to its location at the tail end of the delta formed by these rivers, 
the timing, location, and extent of flooding depends on the precipitation in the 
entire basin. Nearly 80% of the country’s annual precipitation occurs during the 
summer monsoon season, when these rivers have a combined peak flow of 180.000 
m3/sec, the second highest in the world [143][144]. 
Bangladesh generally experiences different types of flood. Flash floods carry a heavy 
sediment load, raising the level of river beds, and are caused by heavy monsoon 
rains falling on mountains and hill next to the floodplain.This type of flood occurs 
mostly in some northern area and south-eastern part of the country. In particular, 
the northern and north-eastern trans-boundary hill streams are susceptible to flash 
floods from the adjacent hills in India in the pre-monsoon months of April and May. 
River flood is a most common phenomenon in the country. Normally, 25-30% of the 
area is inundated during monsoon season along the river; in case of extreme flood 
events 50-70% of the country is inundated extending the flooded areas far beyond 
the riverbanks. Some of the worst floods have occurred during the years 1988, 
1998, 2004, 2007 and 2010 [145] (Figure 23). The areas adjacent to estuaries and 
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tidal rivers in the South-West and South-central parts of the country experience 
tidal floods twice a day due to astronomical tide from the Bay of Bengal. The coastal 
land is prone to occasional cyclonic storm-surge floods due to tropical cyclones in 
the Bay of Bengal during April to June and September to November [146]. 
 
Figure 22 Brahmaputra, Ganges and Meghna Basins.  
(source: http://maps-of-bangladesh.blogspot.it/) 
 
Figure 23 Types of flood in Bangladesh.  
(source: http://en.banglapedia.org/index.php?title=Natural_Hazard) 
More than 60% of the available labor works in the agriculture sector and 70% of the 
whole population lives in agricultural districts [8]. The performance of the 
agriculture sector is in turn heavily dependent on the characteristics of the annual 
floods. The floodwaters bring alluvial sediment which makes floodplains very fertile 
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but floods frequently severe causing loss of life and economic damage. Agricultural 
damage due to flooding has decreased with changes in cropping patterns, 
particularly the shift from deep water aman rice, highly susceptible to floods, to 
boro rice, which is harvested before the monsoon season starts. On the other hand, 
rapid and uncontrolled urbanization, weak environmental management, poor 
maintenance of infrastructure and increasing population in the floodplains may 
hinder flood reduction efforts and contribute to additional physical and economic 
losses after major floods [147]. 
3.2.1 2004 floods 
The 2004 floods commenced around 8 July. This followed early flooding in the 
northwest districts of Bangladesh in April, that had destroyed much of the main 
annual boro rice crop in that region just before it was harvested. They rose more 
swiftly than usual in the same area, and in the northern districts either side of the 
Brahmaputra/Jamuna River. Water persisted in these regions for some 3 to 4 weeks 
and gradually drained southerly, causing severe flooding in the central Bangladesh 
and Dhaka city, especially affecting districts near to the two confluence points of 
the three great rivers. The high water level and widest extent of the flood was 
reached on 24 July. The water had receded in most places by mid-August, although 
it persisted and stagnated in areas behind protective embankments without 
adequate drainage. In total 39 of 64 districts and 36 million people i.e. the 26% of 
the total population (137 million of people in 2004) were affected [148][149] (Figure 
24). In mid-September, a localised depression caused continuous torrential rain and 
high winds over a six-day period, bringing renewed flooding to many parts of central 
Bangladesh, but also flooding areas never normal flooded by the rivers, including 
Dhaka and other urban areas and some of the most productive agricultural  
land [147].  
In the 39 flood-affected districts, about 4 million housing units were fully/partially 
damaged. The flood washed away houses particularly at the riverbanks and in 
certain cases, due to severe erosion, the land was also washed away. The 
combination of inundation, flash flooding, and long, heavy spells of rainfall caused 
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numerous damages to the transport infrastructure. Roads were the worst affected 
infrastructure by the flooding; railway infrastructure also suffered some localized 
damage on part of the network, while inland water transport infrastructure suffered 
limited damage. 
 
Figure 24 Affected districts by 2004 floods. 
(source: World Bank, 2005 [147]) 
For rural areas and secondary towns, it was estimated that 200.000 public hand 
pumps were damaged and wells were damaged mostly due to collapse of the 
platform, soil erosion and siltation. Obstructions to drainage channels, mixing of 
sewage with flood water and infiltration of contaminants into the water supply 
networks and ground water tanks caused serious health risks to the citizens of 
Dhaka. Severe damage occurred to flood control and irrigation structures, 
comprising 2.537 km of embankments (147 km completely damaged), 555 km of 
irrigation-drainage systems (219 km fully damaged), 45 km of riverbank protection 
works (10 km fully damaged), and 435 water control structures (35 fully damaged). 
About 4,9 million families were affected in the crops, livestock and fisheries sub-
sectors. Damage to crops caused significant production loss of the aus and aman 
rice crops, jute, summer vegetables, papaya, bananas and sugarcane (Table 
25)[147][148]. 
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Table 25 Comparison of losses resulting from the 1988, 1998 and 2004 floods. 
(source: World Bank, 2005 [147]) 
Loss 1988 1998 2004 
Land inundated (%) 60 68 38 
No. of people affected 45.000.000 31.000.000 36.000.000 
Deaths 2.300 1.100 747 
No. of homes damaged/destroyed 7.200.000 980.000 4.000.000 
Roads damaged (km) 13.000 15.927 27.970 
No. Livestock killed 172.000 26.564 8.318 
Crops damaged (million hectares) 2,12 1,74 1,3 
Rice production losses (million metric tons) 1,65 2,06 1 
Total losses (US $ x 1000) 1.400.000 2.000.000 2.300.000 
In the following sections, the use of satellite remote sensing data for the post-flood 
damage assessment in a central area of Bangladesh is described. The vulnerability 
of different land use/cover types is highlighted and the inundated areas for each 
affected district are quantified. 
3.2.2 The study area  
The analysis of the 2004 floods was conducted on a large area, about 3.845 km2, 
between 23°51’4’’N, 90°12’6’’E and 23°12’45’’N, 90°39’41’’E. This study area 
extends between Dhaka and the confluence of the main branch of the Ganges River 
(Padma) and the Meghna River (Figure 25). 
 
Figure 25 Location of the study area for the 2004 floods analysis. 
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3.2.3 Data and methodology 
In order to detect the inundated areas due to the 2004 floods, a post-event ASTER 
image was processed. A pre-flood Landsat image was further classified to produce 
the reference water bodies map. The comparison between the water classes 
allowed to identify and quantify the flooded areas. Moreover, using overly 
operations in GIS environment, the flooded areas for each district in the study area 
were computed and the vulnerability of land use/cover type was highlighted. 
3.2.3.1 Data collection 
The Landsat image acquired on 24 March 2003 and the ASTER image of 20 
October 2004 were collected for analysing the 2004 flooding event; the Landsat 
image was classified to provide a pre-event setting of water bodies and the ASTER 
image was processed to map the post-event situation after three months  
(Table 26). 
In addition, land use map, administrative subdivisions (Thana) and major rivers 
provided by ITHACA were used after projected them in UTM-WGS 84 from the local 
geodetic system Everest_Adj_1937. 
Table 26 Satellite images used for studying the 2004 flood. 
Date Satellite Sensor Spatial resolution Product level 
24.03.2003 Landsat7 ETM+ 30 m 1T 
20.10.2004 Terra 
ASTER VNIR 15 m 
1A 
ASTER TIR 90 m 
3.2.3.2 Image processing 
The water extraction in the ASTER image was performed using the three VNIR bands 
and the five TIR bands, which were subjected to radiometric calibration and 
normalization respectively. The 8 bands were orthorectified by the ENVI software 
using the ASTER GDEM of Bangladesh and were resampled to 30 m by a bilinear 
interpolation. As long as reliable GCPs of sufficient accuracy were not available, an 
image to image registration was performed, to ensure consistency with the Landsat 
data. For this purpose 13 tie points were defined, reaching a RMS error by 0,5 
pixels, therefore an affine transformation was applied. Moreover, for the ASTER 
image before the classification the 8 bit VNIR bands were calibrated to TOA 
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reflectance, while the 12 bit TIR bands were normalized in respect to the maximum 
value. Even if the physical meaning is not coherent, this pre-processing results in 
a 8-band stack, with digital numbers ranging between 0 and 1, and it improves the 
numerical stability of the classification algorithm. 
The Landsat multispectral bands were calibrated to Top Of Atmosphere (TOA) 
reflectance, while TIR band was calibrated to radiance and then normalized in 
respect to the maximum value.  
The images were processed independently using the maximum likelihood 
classification setting the threshold equal to 0,95, in order to produce pre and post 
flooding land use/cover maps (Figure 26). Six basic informative classes were 
identified (Build-up, Bare soil, Vegetation, Cultivated land, Water_1, Water_2). The 
training samples are derived only from the classified image itself therefore 
atmospheric correction was not performed [130][131].  
Table 27 Description of the informative classes adopted for land use/cover maps and training sites 
used for each classification. 
Class Description 
Training sites 
24.03.2003 20.10.2004 
Build-up 
Urban areas, buildings, roads, 
slum, airports etc. 
7/866 6/914 
Bare soil 
Excavation areas, filled area, 
exposed soil. 
5/822 7/733 
Vegetation 
Deep vegetated areas 
(deciduous, coniferous, palm 
forests, etc.). 
8/628 7/708 
Cultivated land 
Agricultural areas, fallow lands 
and crop fields. 
8/744 8/744 
Water_1 
Water with suspended solids 
and sediment transport (river, 
creeks, flooded areas). 
11/975 6/1203 
Water_2 
Water in contact with 
vegetation (irrigation ditches, 
lakes, flooded vegetated areas). 
- 4/721 
 
 n polygons/n pixels 
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Figure 26 Pre and post-event land use/cover maps obtained classifying the March 2003 Landsat 
image (left) and the October 2004 Aster image (right).    
3.2.4 Results  
In the maps obtained from the Landsat and Aster images classification, water 
classes were extracted and exported in a GIS environment as vector layers: the 
water class in the 2003 map indicates water bodies in the pre-event condition; the 
water class resulting from the 2004 map includes permanent water bodies and 
flooding. Using an operation of overlay intersection, the vector layer of the water 
present in both maps, which represents the permanent water bodies, was obtained. 
Using the symmetrical difference between the layer above mentioned and the 
water class in the 2004 map, the flooding was identified. The permanent water 
bodies cover about 477 km2 and the floods affect almost 840 km2 i.e. the 22% of the 
whole study area (Figure 27).  
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Figure 27 Pre-event setting of water bodies by Landsat 24 March 2003 and post-event setting of 
water bodies by ASTER 20 October 2004 (left); overlay of the two classifications to distinguish 
between permanent water bodies and flooded areas (right). 
The flooding extension was thereafter associated with the administrative divisions 
and for each Thana in the study area, the flooded area was quantified (Figure 29). 
The population density data available within administrative subdivisions was then 
used to evaluate affected people (Table 28); for the study area, a total of 1.737.195 
affected people was found. The flooding areas were also associated with the land 
use data of Bangladesh provided by ITHACA and the vulnerability of the type of land 
use/cover was highlighted (Figure 30). Moreover, land use/cover types affected by 
flooding were calculated for each Thana (Table 28). 
The lands intended for rice cultivation are the most damaged by the flood. In 
particular, 320,9 km2 (43 %) and 400,3 km2 (53,6 %) of total flooded area, equal 
to 747 km2, correspond to boro and aman crops respectively. This sum is not equal 
to the estimate mentioned before (840 km2) because in the land use/cover vector 
layer the river beds have a different shape, compared with the permanent water 
bodies derived from the satellite images. The incongruity may be due to the time 
lag and the different data source (Figure 28).  
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Figure 28 Overlay of 2004 flooding and administrative subdivisions  and land use/cover map  
provided by ITHACA. 
 
Figure 29 Thana affected by the 2004 floods (flooded area extension major to 2 km
2
). 
 
Figure 30 Land use/cover type affected by the 2004 flooding event (%). 
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53,6 
1,0 
0,2 
43,0 
0,3 
1,3 0,6 BROADCAST AMAN ROTATION
PERENNIAL CROP
PLANTATION CROP
BORO ROTATION
AUS ROTATION
TRANSPLANTED AMAN ROTATION
URBAN
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Table 28 Example of information extracted by integrating flood map, administrative subdivisions  
and land use/cover categories. 
Thana name 
Pop. density 
(people/km2) 
Flooded areas 
(km2) 
Affected people 
Affected land use/cover 
Type (km2) 
DHANMONDI 35.900 0,89 32.059 
BORO ROTATION 0,88 
URBAN 0,01 
MIRPUR 41.247 0,92 38.064 
BORO ROTATION 0,64 
URBAN 0,28 
MOHAMMADPUR 48.798 2,11 102.781 
BORO ROTATION 2,10 
URBAN 0,01 
SABUJBAGH 20.101 2,96 59.508 
BORO ROTATION 2,15 
URBAN 0,81 
⁞ ⁞ ⁞ 
 
⁞ ⁞ 
SAVAR 1.891 34,48 65.190 
BROADCAST AMAN ROTATION 1,36 
BORO ROTATION 32,88 
AUS ROTATION 0,24 
SERAJDIKHAN 1.547 38,63 59.746 
BROADCAST AMAN ROTATION 0,01 
BORO ROTATION 35,95 
PERENNIAL CROP 2,67 
NAWABGANJ 1.158 47,70 55.254 
BROADCAST AMAN ROTATION 7,84 
BORO ROTATION 39,86 
SREENAGAR 1.245 56,54 70.379 
BROADCAST AMAN ROTATION 6,40 
BORO ROTATION 50,07 
PERENNIAL CROP 0,07 
DAUDKANDI 1.333 56,78 75.669 BROADCAST AMAN ROTATION 56,78 
Total 
 
839,85 1.737.195 
  
3.2.5 Considerations 
Two multispectral satellite images, Landsat and ASTER, collected before and after 
2004 floods respectively, were processed by means of per-pixel supervised 
classification for mapping pre-event setting of water bodies and post-event water 
bodies extension. The comparison of these maps allowed to separate surfaces cover 
by water belonging to permanent water bodies and flooded areas. Flooding 
extension was then used along with administrative subdivisions and the land 
use/cover map of Bangladesh to evaluate inundated areas for each districts, land 
use/cover types most affected by flooding and to provide information about the 
number of people involved. 
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The achieved results demonstrate the effectiveness of satellite images, acquired 
before and after flood occurrence, in detecting and quantifying flooded areas. In 
particular, medium spatial resolution images have proved useful for large scale view 
of flood phenomena; inundated zones, which extend to several square kilometres, 
can be mapped very effectively. Emergency managers can get an overview of the 
most affected areas and disaster-mapping organizations can use these overview 
maps to target high-resolution satellite acquisitions. 
The study confirmed the GIS capability to store, integrate and analyze different 
geospatial data such as flood and land use/cover maps, demographic data etc. 
which are crucial information for the damage assessment during response phase. By 
overlaying flood map and the population density data, the number of potentially 
affected people can be obtained in order to implement rescue operations and 
distribute the humanitarian help. Intersection operations between flooding and 
land use/cover type provide the extension of the damaged land use/cover types 
and these information can be employed to quantify losses in monetary values. 
These products can also support recovery planning and assist the restoration of 
infrastructural services and the relocation of affected settlements. Moreover, 
damage assessment maps can provide valuable information to delineate new flood 
boundaries, useful for producing flood risk maps.  
The presented procedure for post-flood damage assessment corroborates that 
geospatial techniques can be an effective alternative to conventional hydrological 
flood damage evaluations, particularly for countries lacking detailed spatial data 
and in case of large areas involved. The use of remote sensing data for analyzing 
flood phenomena provides a high potential for developing  countries since it is 
difficult for their governments update databases by traditional surveying and 
mapping methods which are both costly and time consuming. The approach could 
be applied to future flood events since the GIS system allows the rapid update of 
the information used for the damage estimation. 
A last observation is that the procedure focused on optical images for mapping 
flood extension. Monsoon season, as well as in Bangladesh, is mainly cloudy 
weather, and therefore the adoption of satellite optical observations could result in 
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the lack of data acquisitions. Radar imagery could be in this case a suitable 
alternative for flood extension mapping (section 2.1).   
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CHAPTER 4 
FLOOD RISK ASSESSMENT 
Flood hazard will impact different types of elements-at-risk and it is therefore 
important to calculate the risk for different sectors/environments (e.g. housing, 
agriculture, transportation, education, health, tourism, protected areas, forests, 
wetlands, etc.). The methodology for conducting risk assessments can be broadly 
classified into quantitative and qualitative approaches [150].  
Quantitative approaches aim at expressing the risk in quantitative terms, either as 
probabilities or as expected losses. They use numerical modelling, such as hydraulic, 
hydrological and hydro-dynamic models and Digital Terrain Models (DTM) to 
perform flood hazards with exceedance probability. The output is then integrated 
with land use or property information to derive flood loss functions, essential to 
determine flood risk [151][152][153].  
Qualitative methods, typically, employs gauge records, satellite data, or both, along 
with the elevation model to derive flood extent and depth. Information such as 
elements at risk (e.g. population density, buildings) can subsequently be integrated 
within a GIS to develop spatial coexistence models for flood risk assessment [58]. 
Qualitative methods depend on expert opinions and consider a number of factors 
that have an influence on the flood risk. These approaches are mostly based on the 
development of so-called risk indices [154][155]. Some qualitative approaches, 
however, incorporate the idea of ranking and weighting and may become semi-
quantitative in nature [150].  
Quantitative methods are able to provide superior results, but they can require 
more a-priori data and detailed morphological information together with advanced 
numerical models, while the qualitative and/or semi-quantitative approaches are 
relatively simple to implement within a GIS and capable to handle different data 
depending on its availability [156]. The latter methods have proved to be useful for 
regional studies and for the initial screening process to identify hazards and risks 
[14][157][158][159]. Furthermore, the majority of flood risk research, particularly in 
developing countries, is based on these approaches. However, quantitative 
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methods are popular within the hydrological community [153]. A reasonable 
explanation is that quality data are often lacking in developing countries, where the 
possibility of obtaining reliable numerical data is often limited [155]. 
4.1 Semi-quantitative approaches: Multi-Criteria Analysis (MCA) 
Multi-Criteria Analysis (MCA) or Multi-Criteria Evaluation (MCE) is a decision-making 
tool, used in environmental systems analysis to evaluate a problem by giving an 
order of preference for multiple alternatives, on the basis of several criteria that 
may have different units [160]. The purpose of an MCA is to compare and rank 
alternative options and to evaluate their consequences, according to the criteria 
established. Two procedures are common in MCA. The first involves Boolean 
overlay, whereby all criteria are reduced to logical statements of suitability/target 
and then combined by means of one or more logical operators such as intersection 
(AND) and union (OR). With the second procedure, continuous criteria (factors) are 
standardized to a common numeric range, and then combined by means of a 
weighted average. The result is a continuous mapping of suitability/target that may 
then be masked by one or more Boolean constraints to accommodate qualitative 
criteria, and finally threshold to yield a final decision [161]. A comprehensive review 
and classification of refereed journal articles, covering spatial multi-criteria decision 
analysis, can be found in Malczewski (2006) [162]. 
Various MCA techniques such as Analytical Hierarchy Process (AHP), Weighting 
Linear Combination (WLC), Ordered Weighting Averaging (OWA) etc., have been 
used for flood susceptibility and vulnerability analysis and risk mapping 
[163][164][165][166]. In this context, GIS systems with their ability to handle spatial 
data are a suitable tool for incorporating all the factors to be analysed, for an 
effective implementation of MCA methods for flood risk assessment [167].  
Among these methods, AHP is one of the widely used multi-criteria decision making 
tools because of its simplicity in implementation and interpretation, the capability 
in handling scarcity of quality data and the efficiency in regional studies [167][150]. 
Introduced and developed by Saaty in 1980, the AHP procedure implements a pair 
wise comparison technique for deriving the priorities of the criteria in terms of their 
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importance in achieving the goal (Figure 31). In the AHP, the decision making 
process starts with dividing the problem into issues, which may optionally be 
divided further to form a hierarchy of issues. The pairwise comparison matrix is 
used for comparing the alternatives and defining the importance of each one 
relative to the others. In order to help the decision maker to assess the pair-wise 
comparisons, Saaty proposed a nine point intensity scale of importance between 
two elements [168]. The suggested numbers to express degree of preference 
between the two elements are shown in Table 29. Because the user gives 
judgments subjectively, the logical consistency of these evaluations is tested in the 
last stage. The ultimate outcome of the AHP is a relative score for each decision 
alternative, which can be used in the subsequent decision making process 
[155][156][169].  
 
Figure 31 Analytic Hierarchy Process (AHP) flowchart.  
(source: adapted from Siddayao et al., 2014 [156]) 
Siddayao et al. (2014) combine AHP with GIS to assess flood risk in the municipality 
of Enrile (Philippines). Despite the lack of weather stations and rain gauges data, 
they provide valuable information about flood risk considering two types of data 
sources: graphical data, i.e. political administration map and topographic map, and 
document data such as population and socio-economic statistics [156]. To model 
and predict the magnitude of flood risk areas, Ouma and Tateishi (2014) proposed 
an integrated AHP and GIS analysis techniques for the case of Eldoret municipality 
(Kenya). The flood risk vulnerability mapping follows a multi-parametric approach 
and integrates some of the flooding causative factors such as rainfall distribution, 
elevation and slope, drainage network and density, land-use/land-cover and soil 
type. From the vulnerability mapping, urban flood risk index (UFRI) for the case 
study area, which is determined by the degree of vulnerability and exposure is also 
derived [155]. Wang et al. (2011) applied a MCA methodology along with GIS for 
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the assessment of a mesoscale regional flood risk index for the Dongting Lake 
region (China) using a fuzzy analytic hierarchy process (FAHP) to achieve the weight 
of each factor causing floods [150].  
Table 29 Nine-point intensity of importance scale.  
(source: adapted from Ouma and Tateishi, 2014 [155]) 
Intensity of importance Definition  Description  
1 Equally important 
Equally contribute to the 
objective 
3 Moderately more important 
Experience and judgment slightly 
favor one over the other 
5 Strongly more important 
Experience and judgment strongly 
favor one over the other 
7 Very strong more important 
Experience and judgment very 
strongly favor one over the other 
9 Extremely more important 
The evidence favoring one over 
the other is of the highest 
possible validity 
2,4,6,8 Intermediate values When compromise is needed 
Reciprocals of above 
If element i has one of the above 
numbers assigned to it when 
compared with element j, then j 
has the reciprocal value when 
compared with i 
- 
Ratios (1.1–1.9) If the elements are very close 
May be difficult to assign the best 
value, but when compared with 
other contrasting elements the 
size of the small numbers would 
not be too noticeable, yet they 
can still indicate the relative 
importance of the elements 
4.2 Case of study: flood hazard map of a portion of Yialias river 
catchment area, Cyprus 
The island of Cyprus is located in the north-eastern corner of the Mediterranean 
Sea and, therefore, has a typical eastern Mediterranean climate: the combined 
temperature rainfall regime is characterized by cool-to-mild wet winters and warm-
to-hot dry summers [170]. Despite Cyprus is characterized by long and frequent dry 
periods, it also suffers from flooding events [9]. Almost every year, localised and in 
some cases more widespread flooding affect parts of Cyprus, causing damages to 
properties, destruction to infrastructure and housing and sometimes the loss of 
human life. Various factors, such as the meteorological situation and type and 
 FLOOD RISK ASSESSMENT 
 
75 
 
intensity of precipitation, the geomorphology, the geology and the human 
intervention to the territory are responsible for flood events.  
Flood events are typical during the cold season while, during the hot season, local 
thunderstorms are common, with some even resulting in floods generally inland. 
During the thirteen-year period (1994-2006) analysed by Savvidou et al. (2008), 43 
cases of flooding were reported mainly over urbanized areas. As shown in Figure 32, 
the frequency of flooding events increased considerably between 2000-2010, in 
comparison with the period 1970-2000. The number of victims also increased 
(Figure 33) [171]. 
 
Figure 32 Number of flooding events per year in Cyprus (1970-2010).  
(source: CYPADAPT project report, 2012 [171]) 
 
Figure 33 Number of flooding events with recorded victims in Cyprus (1970-2010). 
(source: CYPADAPT project report, 2012 [171]) 
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There are no perennial rivers, while there are numerous seasonal rivers. Most rivers 
flow 3-4 months a year and they are dry during the rest of the year. Therefore, the 
occurrence of heavy rainfalls commonly results in debris transport and blockage of 
structures, such as culverts and bridge openings, generally undersized for these 
flow rates (Figure 34). Moreover, the urbanization of the catchment area and the 
degradation of the natural environment, resulting in the increase of flooding runoff 
volume and in the decrease of the time of water flow, exacerbate the flood impacts.  
  
Figure 34 Post-flood debris removing in Polis (Paphos) December 2012 (left);  
river overflow in Ayios Theodoros (Larnaca) September 2013 (right).  
(source: http://www.cyprus-storms.net/) 
The lack of appropriate model of residential development, with incomplete man-
made drainage systems and the shortage of its maintenance, are the main causes of 
widespread flooding in urban areas, during extreme weather conditions. In 
particular, the urban centres are more sensitive to flood risk mainly due to their 
dense structuring and the restriction of green space, the elimination of natural 
waterways for the construction of roads, the deficient or even absent storm water 
drainage system and the covering of waterways and drain entrances with garbage. 
On the other hand, mountain areas (central part of the island) are less sensitive to 
floods, given that the inclination of terrain, together with the infiltration capacity of 
forested areas, decrease the probability of flooding events (Figure 35). 
In compliance with the Floods Directive 2007/60/EC, the Water Development 
Department (WDD) of the Ministry of Agriculture, Natural Resources and 
Environment (Republic of Cyprus, Nicosia) identified 19 areas around the island as 
“Areas with Potential Significant Flood Risk” (Figure 36). The corresponding linear 
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extension is about 135 km and these areas are distributed uniformly in respect to all 
the urban centres of Cyprus (no mountain areas included). They mainly refer to 
river parts that pass through built-up areas and are characterized by frequent and 
significant flash floods [171]. 
 
Figure 35 Cyprus flood hazard distribution map and the population (number and percentage of 
people) exposed to hazards by level of intensity. 
(source: World Health Organization Regional Office for Europe, 2010 [172]) 
 
Figure 36 Areas with potential significant flood risk in Cyprus.  
(source: Water Development Department, 2011 [173])  
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In the following sections, the use of satellite remote sensing data coupled with MCA 
technique for flood hazard map purpose is described. The case study concerns a 
portion of the Yialias river watershed basin, in Nicosia district, including one of the  
above mentioned areas, identified by the WDD, for which potential significant flood 
risk exists. 
4.2.1 The study area  
Located in the central part of the Cyprus island, 20 km towards the South of the 
capital Nicosia, the study area is about 70 km2 in size. Specifically, it is situated 
between longitudes 33°16’37’’ and 33°26’47’’ and latitudes 34°56’18’’ and 
35°2’51’’.  
 
Figure 37 Location of the study area. 
This area is the portion of the Yialias river watershed basin including Agia Varvara, 
Pera Chorio and Dali villages (Figure 38).  
The elevation ranges from 193 to 482 m a.s.l. with steep and smooth zones in the 
upstream and downstream areas respectively. From West to East metamorphic and 
volcanic rocks outcrop followed by sedimentary units such as marl-chalk and 
alluvium/colluviums deposits (Figure 39).  
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Figure 38 Typical landscapes of the study area (Pera Chorio). 
   
Figure 39 Volcanic rock (left) and marl/chalk (right) outcrops. 
   
Figure 40 Yialias river trough Dali village during summer (left) and winter (right).  
(source for the right figure: http://www.panoramio.com/photo/66227319) 
As the most of the island rivers, the Yialias has an intermittent stream being dry 
during the summer season (Figure 40). During the last 20 years three extreme 
floods occurred in this area, especially in the downstream part. According to 
historical data the most extreme events took place on December 1992, February 
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2003 and October 2009. All these extreme floods caused significant damage to 
properties and constructions [174][175]. 
4.2.2 Data and methodology 
In order to produce an easily-readable and rapidly-accessible flood hazard map of 
the study area,  the MCA methodology was performed considering some 
parameters that control water routing when high peak flows exceed the drainage 
system capacity [176]. Five flood-causing factors were selected: slope, distance to 
channels, drainage texture, geology and land cover, referring to previous research 
works and also considering the available data [156]. 
According to the rate of contribution of each parameter to the flood hazard, ranking 
values were assigned to each different class of each parameters. Moreover, a pair 
wise comparison technique was used to derive the criteria priorities in terms of 
their importance in achieving the goal.  
Processing the DEM of the study area in GIS environment, slope, stream network 
and therefore distance to main channels and drainage texture data were generated; 
the land cover map was obtained classifying the very high resolution satellite image 
GeoEye-1; the geology map was obtained converting polygon features to raster.  
The Figure 41 shows the methodology workflow. 
 
Figure 41 Methodology workflow. 
4.2.2.1 Data collection 
For the purposes of the study, a very high resolution GeoEye-1 image acquired on 
11th December 2011 (pixel size approximately of 1,65 m for VIS and NIR bands) was 
processed for land cover map purpose. The Digital Elevation Model (DEM) with a 
spatial resolution equal to 5 m, developed by the Department of Civil Engineering 
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and Geomatics - Cyprus University of Technology using GeoEye-1 stereoscopic 
images, was used for generating quantitative geomorphologic parameters such as 
slope and drainage network. The Department of Civil Engineering and Geomatics of 
Cyprus also provided the 1:250.000 geological map of the study area produced by 
the Geological Survey Department. 
4.2.2.2 Image processing: object-oriented classification  
Before the classification, the GeoEye-1 was subjected to radiometric calibration 
(TOA reflectance) and the four bands were orthorectified by the ENVI software 
using the 5 m pixel size DEM of the study area considering an average geoidal 
undulation equal to 28 m (based on the EGM2008 gravity model). The 
orthorectified image was the resampled to 2 m by a bilinear interpolation. 
To produce the land use/cover map of the study, area the satellite image was 
classified by an object-oriented classification approach performed with eCognition 
8.9 software (Figure 42)[177].  
Object-oriented procedure is an evolving technology where textural and 
contextual/relational information is used in addition to spectral information for 
classifying data[178]. It is particularly useful for extracting and mapping features 
from high spatial but low spectral resolution images [179]. Object-oriented 
classification is driven by an understanding of image objects rather than pixels, i.e. 
homogeneous groups of contiguous pixels that have similar spectral and/or spatial 
characteristics. They form building blocks consisting of abstract information that 
can be used at different image object levels. Image objects can be extracted by 
using different segmentation algorithms; the basic task of them is to merge 
homogenous pixels into image elements to enable the differentiation between 
heterogeneous neighbouring regions [180]. Segmentation can be carried out in 
hierarchical scales with semantic relationships between objects at different levels, 
allowing for effective multi-spatial resolution analysis. The accuracy of the 
classification depends directly on the segments and an erroneous segmentation will 
result in inaccurate classification. Segmentation phase is followed by the image 
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objects classification based on the different features such as spectral, shape, 
texture, hierarchical and contextual information above mentioned [179]. 
A semi-automated, hierarchical, multi-level object-based classification was 
implemented as process tree (Figure 43).  
 
Figure 42 The object-oriented classification workflow. 
(source: modified from Taubenböck et al., 2010 [181]) 
 
Figure 43 Class Hierarchy (left) and Process Tree (right). 
The multiresolution segmentation algorithm, a bottom-up region growing 
technique, was used to generate the image objects [182]. Through this algorithm 
both spectral and shape heterogeneity can be taken into account through user-
defined colour and shape parameters. Moreover, user can control the scale 
parameter to define the acceptable level of heterogeneity: a larger scale parameter 
results in larger objects than setting small scale values. The eCognition 
multiresolution segmentation starts with one-pixel objects and in numerous 
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subsequent steps, smaller image objects are merged into bigger ones. Throughout 
this pairwise clustering process, the underlying optimization procedure minimizes 
the weighted heterogeneity of resulting image objects. In each step, that pair of 
adjacent image objects is merged which results in the smallest growth of the 
defined heterogeneity. If the smallest growth exceeds the threshold defined by the 
scale parameter, the process stops [183]. Depending on the specific application, this 
method could not yield a perfect partition of the scene but it could produce either 
too much and small regions (over-segmentation) or too less and large segments 
(under-segmentation) [180]; therefore, it could be difficult to obtain objects closer 
to the spatial, spectral and textural characteristics of the real-world structures in a 
single segmentation phase.  
In order to overcome this limitation and then to achieve image objects similar to the 
real-world elements, a multilevel segmentation procedure was performed. The 
main idea of multilevel analysis is that, for each level of detail, it is possible to 
identify different objects that are peculiar to the considered level and that should 
not appear in other levels [184].  
In the implemented multilevel approach each superior level was generated by using 
a higher scale parameter. The main aim was the generation of two basic 
segmentation levels, the basic level (number 2 in Figure 42)  and final level number 
3 in Figure 42), with a significantly increased scale parameter. Whenever a sub-
object in the basic level shows a significant spectral difference (“Brightness” 
higher/lower than 10%) to its super-object on the final level the corresponding 
segments are reduced at the final level to their original spatial configuration. Thus, 
this segment stays exactly the same shape as in the basic level, while segments with 
no significant spectral difference (“Brightness” lower than 10%) from the super-
object are merged [185]. The final output is one single level, the optimized level 
(number 5 in Figure 42), comprising large segments in homogeneous areas and 
distinctively smaller image objects representing small-scale structures and 
heterogeneous regions (Figure 44). 
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Figure 44 Multilevel segmentation approach. 
The classification procedure was then applied to the image objects at the optimized 
level. In particular, for each class different attributes were considered setting 
specific thresholds (Figure 45). In the first step vegetated areas were identified; 
then the rules for the geological formation, bare soil and water classification were 
applied on the resulting unclassified objects. Finally, generic impervious surfaces, 
building (red and other roofs) and roads were classified in order to detect the urban 
areas. 
Specific rules were applied to avoid misclassification between marl/chalk (geological 
formation) and impervious surfaces due to their similar spectral response [174]. In 
particular, the image objects belonging to the geological formation class were 
merged; therefore, using shape rules small objects and elongated objects were 
assigned to impervious surface and roads classes respectively.  
Some rules based on contextual features were used to refine the classification 
results (number 9 in Figure 42).  
Figure 55 (right) shows the final land use/cover map. 
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Figure 45 Features and threshold used in the classification rule-set. 
The map validation was performed using a number of check points, selected by 
means of the photointerpretation of the high resolution colour image, acquired on  
3rd December 2011. Moreover, field campaigns, carried out during July 2014, helped 
to verify the cover class of  the check points. Since the limited extension of water 
bodies, the Water class accuracy was verified overlaying it directly on the high 
resolution image (Figure 47). Therefore, the confusion matrix was computed for 
urban areas, vegetation, soil and geological formation classes (Table 30).  
An overall accuracy equal to the 89,5% was achieved. Relevant errors are 
attributable to the commission of the geological formation class. Some urban areas, 
in particular portions of roads or impervious surfaces, remain in the geological 
formation class even after applying the geometric rules to avoid this 
misclassification. Moreover, probably due to the presence of aggregates containing 
marl/chalk, some image objects belonging to bare soil were assigned to the 
geological formation class (Figure 48). 
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Figure 46 Ground truth points in the GeoEye-1 (left) and four examples extracted from high 
resolution image of 3
rd
 December 2011 (right). 
Table 30 Confusion matrix for the land use/cover map. 
11-12-2011 Ground Truth (Pixels) 
Class Urban areas Vegetation Soil 
Geological  
formation 
Total 
Urban areas 43 0 1 0 44 
Vegetation 0 47 3 0 50 
Soil 1 3 43 0 47 
Geological formation 6 0 5 30 41 
Total 50 50 52 30 182 
Overall Accuracy (163/182) 89,56% 
   
Kappa Coefficient 0,860 
    
Class 
Commission 
(Pixels) 
Omission 
(Pixels) 
Prod. Acc.  
(Pixels) 
User Acc. 
(Pixels)  
Urban areas 1/44 7/50 43/50 43/44 
 
Vegetation 3/50 3/50 47/50 47/50 
 
Soil 4/47 9/52 43/52 43/47 
 
Geological formation 11/41 0/30 30/30 30/41 
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Figure 47 Example of water bodies  overlaid to the GeoEye-1 and the high resolution of the 
 3-12-2011. 
 
Figure 48 Examples of commission errors for the geological formation class in correspondence of 
urban areas (left) and soil (right) check points on the GeoEye-1.  
4.2.2.3 Drainage network and morphometric parameters 
The drainage network of the study area was automatically extracted from the DEM 
using a series of geoprocessing tools in GIS environment (Figure 49) [186]. The 
output of this technique produced the stream network and its classification based 
on Strahler system (Table 32) which designates a segment with no tributaries as a 
first-order stream, where two first-order stream segments join, they form a second-
order stream segment and so on for the rest orders [187]. Moreover, the main 
linear and areal morphometric parameters, such as Drainage density (Dd), Stream 
frequency (Fs), Elongation ratio (Re) and Form factor (Rf) were calculated as shown 
in Table 31 in order to characterized the study area [187][188][189]. 
Drainage density is an expression to indicate the closeness of spacing of streams 
and it varies with climate and vegetation, soil and rock properties, relief and 
landscape evolution processes [190]. Low Dd values generally indicate areas of 
highly resistant or permeable sub-soil material, dense vegetation and low relief; 
high Dd is the result of weak or impermeable sub-surface material, sparse 
vegetation and mountainous relief [191]. A Dd value equal to 2,19 km/km
2 was 
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obtained. Therefore, according to the Strahler classification, the study area is 
characterized by low drainage density (less than 5) suggesting rock formation with 
high permeability, low relief and dense vegetation. This consideration is further 
confirmed by a low Fs value. 
Elongation ratio determines the shape of the watershed and generally ranges from 
values less than 0,5 to 1 for more elongated with high relief basins and circular with 
very low relief basins respectively [189]. Regions with low values are susceptible to 
more erosion whereas regions with high values correspond to high infiltration 
capacity and low runoff [192]. For the study area the Re is equal to 0,62 indicating 
that the basin is elongated with relatively moderate relief and erosion. The low 
form factor equal to 0,30 confirms the elongated shape of the region [193].  
Table 31 Some linear and areal morphometric parameters of the study area. 
Parameter Formula Value Reference 
Perimeter (km) P 75,32  
Area (km
2
) A 70,11  
Stream total number Nu 185,00 Strahler (1964) 
Stream total length (km) Lu 153,20 Horton (1945) 
Basin length (km) Lb 15,20 Schumm (1956) 
Drainage density (km/km
2
) Dd = Lu/A 2,19 Horton (1945) 
Stream frequency (km
-2
) Fs = Nu/A 2,64 Horton (1945) 
Elongation ratio Re = 2*(A/π)
1/2
/Lb 0,62 Schumm (1956) 
Form factor Rf = A/Lb^2 0,30 Horton (1945) 
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Figure 49 Extraction of drainage network from DEM. 
Table 32 Stream network parameters. 
Stream order Number of stream 
Number of stream 
(%) 
Total length 
(km) 
Mean stream length 
(km) 
1 145 78,38 77,13 0,53 
2 32 17,3 40,27 1,26 
3 7 3,78 17,79 2,54 
4 1 0,54 18,01 18,01 
The stream network was processed within the bearing, azimuth and drainage (bAd) 
calculator tool to extract the drainage texture (T) of the study area, one of the 
criteria considered for the flood hazard map [194]. Following Smith formula, T was 
calculated as the product of the stream frequency and the drainage density [195]. T 
depends upon a number of natural factors such as climate, rainfall, vegetation, rock 
and soil type, infiltration capacity, relief and stage of development; soft or weak 
rocks unprotected by vegetation produce a fine texture, whereas massive and 
resistant rocks cause coarse texture [196].  
The program calculates this parameter in a defined grid with a side length of 1 km. 
In order to generate the T spatial map, the calculated values were interpolated in 
GIS environment using Inverse Distance Weight (IDW) algorithm (Figure 50). The 
output cell size was set equal to 5 m. 
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Figure 50 The grid points of bAd output and the drainage texture maps for the study area. 
4.2.3 Multi-criteria analysis 
The MCA analysis, performed to generate the Flood Hazard Index (FHI), 
incorporates slope, distance to channels, drainage texture, geology and land cover 
maps. 
A GIS-based AHP approach was used for comparing each criterion map and 
determining its weight values. Finally, criteria maps and weight values were 
combined using a weighted linear combination: 
𝐹𝐻𝐼 =  ∑ 𝑤𝑖 ∗ 𝑥𝑖  
Where 𝑤𝑖 = weight of factor 𝑖 and 𝑥𝑖  = score of factor 𝑖. 
4.2.3.1 Criteria maps preparation  
Because criteria were measured on different scales, the factor maps were 
reclassified  in order to be correlated with the flood hazard. Therefore, according to 
the rate of contribution of each parameter to the flood hazard, rank values were 
assigned to each different class of each parameter (Table 33). 
Slope is considered a crucial information to identify those zones that have shown 
high susceptibility to flooding over the years due to the low slope gradient [176]. 
The slope influences the direction and the amount of surface runoff reaching a site. 
It has a dominant effect on the contribution of rainfall to stream flow conditioning 
the duration of overland flow, the infiltration and the subsurface flow. Rainfall or 
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excess of water from a river gathers in correspondence of area characterized by low 
slope values; conversely, areas with high slope gradients do not permit the water 
accumulation. Thus, flat areas are highly subjected to water logging and flood 
occurrences compared to steep zones which are more exposed to surface runoff 
[155]. The slope map was prepared in GIS environment in percent grade using the 5 
m pixel DEM of the study area; the values were subdivided into five classes as 
shown in Table 33 and Figure 51. 
According to the records of the Department of Water Development of Cyprus the 
most affected areas during flooding event in Yialias River are those near the main 
channel as a consequence of water overflow. The main channels were extracted 
from the drainage network layer among streams of  3th and 4th orders. Thus, all the 
areas from both sides of the channels were mapped in GIS environment calculating 
the Euclidean distance. Rank value was assigned to each zone in relation to its 
proximity to the channels (Table 33 and Figure 52).  
Drainage texture (also defined Infiltration number) is an important parameter in 
observing the infiltration characteristic of the basin. It is inversely proportional to 
the infiltration capacity; therefore, high values indicate a very low infiltration 
capacity resulting in high runoff triggering flooding [190][197]. Based on Smith 
classification of drainage texture, T values below 4 are designed as coarse; 4 – 10 as 
intermediate; above 10 as fine and above 15 as ultra-fine texture ultra-fine texture; 
values exceed 10 and 15 have fine to ultrafine texture possibly formed by the 
cumulative effect of various geomorphological processes [186]. According to these 
considerations, drainage texture map was subdivided into four class and reclassified 
assigning the rank values (Table 33 and Figure 53).   
The geological map of the study area was obtained converting to raster the 
1:250.000 map produced by the Geological Survey Department. Then, it was unified 
to major geological formations which were ranked considering their rate of 
hydraulic conductivity [198](Table 33 and Figure 54). 
Rainwater runoff is much more likely on bare fields than those with a good crop 
cover. The presence of thick vegetative cover reduces the amount of runoff. On the 
other hand, impermeable surfaces such as concrete absorbs almost no water at all. 
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Impervious surfaces such as buildings, roads and generally urban constructions 
decreases the soil infiltration capacity increasing the runoff. Urbanization typically 
leads to the decrease in lag time and the increase in the peak discharge 
[155][158][199]. In compliance of these previous considerations, the land use/cover 
map of the study area, obtained by the GeoEye-1 processing and resampled to 5 m 
pixel size using mode statistic, was reclassified (Table 33 and Figure 55). 
Table 33 Rank value for each criterion. 
Factor Classes Rank 
Slope (%) 
< 2 9 
2 – 5 6 
5 - 8 4 
> 8 2 
Distance to main channels 
(m) 
< 50 9 
50 – 100 7 
100 – 200 6 
200 – 500 5 
500 – 1000 4 
> 1000 2 
Drainage texture 
<4 2 
4-10 4 
10-15 7 
>15 9 
Geology 
Schists 9 
Marls, Chalks 8 
Igneous rock 7 
Volcanic rocks 6 
Fanglomerate 5 
Alluvium 4 
Limestones 3 
Sandstones 2 
Land use/cover 
Urban areas 9 
Geological formation 7 
Soil 6 
Vegetation 4 
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Figure 51 Slope map (left) and the reclassified map (right). 
 
Figure 52 Distance to main channels map (left) and the reclassified map (right). 
 
Figure 53 Drainage texture map (left) and the reclassified map (right). 
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Figure 54 Geological map (left) and the reclassified map (right). 
 
Figure 55 Land use/cover map (left) and the reclassified map (right). 
4.2.3.2 AHP application 
After the rank values assignation, the AHP method was used for extracting the 
weight of each criterion in order to consider its relative importance in the FHI 
calculation (4.1).  
In developing weights, the pairwise comparison matrix was compiled evaluating 
every possible pairing. The relative importance between two criteria involved in 
determining the stated objective was quantified using the nine-point continuous 
scale (Table 34). Pairwise judgments were based on the information available and 
the author knowledge and experience. 
The weight of each criterion can be derived by taking the principal eigenvector of 
the square reciprocal matrix of pairwise comparisons between the criteria. A good 
approximation to this result was achieved by summing the values in each column of 
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the pairwise comparison matrix; dividing each element in the matrix by its column 
total (normalized pairwise comparison matrix); and finally computing the average of 
the elements in each row of the normalized matrix (Table 34) [200].  
To determine the degree of consistency that was used in developing the ratings 
consistency ratio (CR) was calculated. CR defines the probability that the matrix 
ratings were randomly generated and Saaty suggests that matrices with CR ratings 
greater than 0,10 should be re-evaluated. It is defined as: 
𝐶𝑅 =  
𝐶𝐼
𝑅𝐼
 
RI (Random Index) is the consistency index of the randomly generated pairwise 
comparison matrix which depends on the number of elements compared. In this 
case RI is equal to 1,12 [155]. CI (Consistency Index) provides a measure of 
departure from consistency: 
𝐶𝐼 =  
𝜆 − 𝑛
𝑛 − 1
 
Where 𝜆 is the average value of the consistency vector and 𝑛 is the number of 
criteria. The estimation of the CR involved the determination of the weighted sum 
vector by multiplying the weight for the first criterion times the first column of the 
original pairwise comparison matrix, then multiplying the second weight times the 
second column of the original pairwise matrix, and so on to the fifth weight; the 
sum of these values over the rows; finally, the determination of the consistency 
vector by dividing the weighted sum vector by the criterion weights previously 
determined (Table 34). A CR equal to 0,055 was achieved therefore the pairwise 
matrix is consistent.  
Table 34 Application of AHP approach: pairwise matrix, consistency indicators and final weights. 
 
Slope 
Distance to main 
channels 
Drainage 
texture 
Geology Land cover Weight 
Slope 1 1/3 5 7 3 0,260 
Distance to main 
channels 
3 1 7 9 5 0,503 
Drainage texture 1/5 1/7 1 3 1/3 0,068 
Geology 1/7 1/9 1/3 1 1/5 0,035 
Land use/cover 1/3 1/5 3 5 1 0,134 
AHP Indicators λ = 5,248 CI = 0,062 CR = 0,055 
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Once the weights for the factors were determined, the FHI was computed in GIS 
environment in form of digital map (Figure 56). The FHI was calculated through the 
weighted linear combination of the decision factors: 
𝐹𝐻𝐼 = 0,260 ∗ 𝑆𝑙𝑜𝑝𝑒 + 0,503 ∗ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑚𝑎𝑖𝑛 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠 + 0,068 ∗ 𝐷𝑟𝑎𝑖𝑛𝑎𝑔𝑒 𝑡𝑒𝑥𝑡𝑢𝑟𝑒
+ 0,035 ∗ 𝐺𝑒𝑜𝑙𝑜𝑔𝑦 + 0,134 ∗ 𝐿𝑎𝑛𝑑 𝑢𝑠𝑒/𝑐𝑜𝑣𝑒𝑟  
 
Figure 56 The FHI digital map. 
4.2.4  Results  
The calculated FHI values were found to be range between 1,83 – 8,96. The higher 
pixels value of FHI are the higher susceptible to floods conversely the lower pixels 
value are the lower susceptible.  
For a visual and easy interpretation, qualitative hazard categories were derived by 
setting specific FHI thresholds. The boundaries values of each hazard class were 
identified computing the FHI cumulative frequency diagram (Figure 57). In 
particular, considering the first derivative of this curve, that allowed to identify 
inherent clustering pattern within the data, the FHI break values were defined. 
Seven hazard categories ranging from Very Low to Very High were finally used to 
generate the flood hazard zoning map (Figure 58). 
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Figure 57 FHI cumulative frequency diagram. 
Table 35 Classification of flood hazard index into qualitative hazard categories. 
FHI values Flood Hazard categories 
< 2,8 Very Low 
2,8 - 4,4 Low 
4,4 - 4,9 Low to Moderate 
4,9 - 5,7 Moderate 
5,7 - 6,3 Moderate to High 
6,3 - 7,5 High 
> 7,5 Very High 
 
 
Figure 58 Flood hazard zoning map. 
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Table 36 shows the summary statistics computed for each hazard class, in term of 
covered area and percentage of the whole study area under investigation. 
Moreover, information about flood hazard relating to land use/cover type, obtained 
by GIS zonal overlay, are presented (Figure 59).  
The discrepancy between the study area extension (70,11 km2) and the total 
extension of the hazard mapped zones (69,91 km2) depends on the fact that about 
0,2 km2 belongs to Water class for which it was not relevant the FHI computation. 
The situation seems to be alarming in the whole length of the river, with particular 
reference to some sections in Phera Chorio and Dali villages where extensive 
anthropogenic interventions can be observed in correspondence of the riverbed  
(Figure 60).  
Table 36 Flood hazard categories and land/use cover map comparison. 
 
Vegetation Soil 
Geological 
formation 
Urban areas 
Total 
(km
2
) 
Total 
(%) 
Very Low 5,24 0,22 0,00 0,00 5,47 7,8 
Low 18,30 5,34 0,49 0,85 24,98 35,7 
Low to Moderate 7,11 3,09 0,22 0,53 10,95 15,7 
Moderate 7,82 5,02 0,19 1,31 14,33 20,5 
Moderate to High 4,65 2,34 0,07 0,57 7,63 10,9 
High 3,17 1,73 0,04 0,88 5,83 8,3 
Very High 0,45 0,19 0,00 0,07 0,72 1,0 
Total (km
2
) 46,75 17,93 1,03 4,20 69,91 100,0 
 
 
Figure 59 Percentage of study area (left)  and land use/cover type (km
2
)  covered by each  
flood hazard class (right). 
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Figure 60 Flood hazard categories superimposed to GeoEye-1 satellite image; Dali village (left) and 
a section of the Nicosia - Limassol highway near Pera Chorio village (right). 
4.2.5 Considerations 
Multi-Criteria Analysis (MCA) assisted by GIS was performed to produce  
easily-readable and rapidly-accessible flood hazard map of the study area. Five  
flood-causing factors: slope, distance to main channels, drainage texture, geology 
and land use/cover, were considered by means of weighted linear combination to 
compute the Flood Hazard Index (FHI). The Analytic Hierarchy Process (AHP) 
approach was used for assigning the rank values to each class of the parameters 
and then for deriving the relative importance, the weight of each criterion in the FHI 
calculation. Once achieved the weight for the criteria, FHI was computed and was 
presented in form of flood hazard zoning map where specific FHI value ranges were 
associated to seven hazard categories. 
To prepare necessary layers for the MCA approach, an integrated remote sensing 
and GIS technique was applied. Processing the 5 m pixel size DEM, slope, distance 
to main channels and drainage texture map were obtained. The land use/cover 
maps of the study area were obtained performing object-based supervised 
classification on the GeoEye-1 satellite image. 
Regarding the classification procedure, a modular framework was created 
comprising two phases: segmentation and classification/refinement. A multilevel 
segmentation procedure was performed to achieve image objects similar to the  
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real-world elements; then, the classification was applied defining specific rules 
based on the spectral and contextual features of the image object. The modular 
structure developed for the procedure could be applied to other images because 
the user can adjust, in a simple and rapid way, segmentation parameters and rule 
thresholds depending on the input data. 
The MCA/AHP approach was found to be useful for flood hazard assessment of the 
study area, where several data were not available. In fact, it has to be considered 
that, apart the geological map, all the other information were obtained from 
satellite remote sensing. 
FHI was computed integrating morphological, land use/cover and topographic data, 
therefore it could be improved considering more information such as longer 
rainfall/flood records and by refining the AHP approach by working iteratively with 
the experts. However, the hazard zoning map can allow to deepen the knowledge 
about flood risk in the study area and it can be used as a first-stage analysis for 
identifying most vulnerable areas, to take decision in sustainable land management 
perspective and to formulate mitigation strategy. Moreover, specific surveys can be 
plan to perform more accurate analysis in correspondence of high flood hazard 
areas. 
From the study results, it was observed that MCA/AHP along with GIS offers a 
flexible, step-by-step and transparent way for analysing complex problems. The 
technique applied can easily be extended to other areas, where other factors may 
be considered, depending on the availability of data. 
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CONCLUSIONS 
The use of remote sensing for supporting various aspects of flood risk management 
was investigated in the present thesis. The research focused on the contribution of 
satellite images for three main applications: flood mapping and monitoring, flood 
damage assessment and flood risk assessment.  Different geospatial approaches 
were developed regarding each phase examined.  
In order to evaluate the potential of satellite remote sensing concerning flood 
prone areas mapping and monitoring, a Landsat time series, comprising five free 
cloud-cover satellite images, was collected and processed for Dhaka district 
territory (Bangladesh). 
The image processing was performed by means of supervised classification 
technique, to generate multitemporal land-use/cover maps, and change detection 
procedure to compare them. The map of routinely flooded areas due to the heavy 
monsoon rains, which typically occur from May to October, was generated. 
Moreover, it was possible to map and quantify the recession of the water. From the 
comparison of three multitemporal maps (covering thirteen-year period) the impact 
of the urban growth and land use/cover changes on the water drainage system was 
analysed.  Despite the lack of ground reference data, the validation procedure 
performed collecting ground truth points by photointerpretation, confirmed the 
effectiveness of Landsat images for land use/cover mapping. Moreover, they were 
found to be a relevant source for supporting flood detection and the monitoring of 
flood prone areas. The proposed methodology may be applied in other region 
affected by similar risk and characterized by marked seasonality, if a cloud-free 
multispectral time series is available. 
The contribution of satellite remote sensing for the damage assessment purpose 
was investigated for the analysis of extreme floods occurred in Bangladesh in 2004. 
In this case, the research was performed by processing a Landsat image and an 
ASTER image in order to provide the pre-event and post-event setting of water 
bodies respectively.  Using overlay operations in GIS environment, the flooded areas 
were identified and thereafter associated with the administrative divisions and land 
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use data of Bangladesh. The results demonstrated that satellite images, acquired 
before and after flooding occurrence, could allow to delineate inundated area 
which can be used along with other geospatial data, to support damage assessment 
and vulnerability analyses, which are essential for developing protective actions and 
mitigation plans against the flood risk. 
Finally, the research focused on the use of remote sensing data for producing flood 
hazard maps. In this case, the study was conducted on a portion of Yialias river 
basin (Cyprus), often affected by flash flood. A Multi-Criteria Analysis (MCA), 
assisted by GIS, was performed to produce the hazard zoning map of the study area. 
Five flood-causing factors depending on the available data were considered: slope, 
distance to main channels, drainage texture land use and geology. The Analytic 
Hierarchy Process (AHP) technique was used for deriving the weight of each 
criterion in the computation of the Flood Hazard Index (FHI); then, FHI values were 
associated to seven hazard categories to generate easily-readable flood hazard 
map. Except for the geological map, the factors layers were obtained by processing 
a GeoEye-1 image and the Digital Elevation Model (DEM). In particular, the GeoEye-
1 was classified using an object-based technique to extract land use/cover data, 
while geoprocessing tools in GIS environment were used to obtain the other factors 
from the DEM. This case study demonstrated the effectiveness and the benefit of 
using remote sensing data to provide valuable information concerning the hazard 
assessment when several data are not available. Furthermore, the MCA/AHP 
approach was found to be a fast and cost effective way to use remote sensing 
techniques, coupled with GIS, for constructing flood hazard map. It offers a flexible, 
step-by-step and transparent way for analysing and understanding spatial 
phenomena. 
Natural flood disaster is common and cannot be stop. The research results 
highlighted the high potential of remote sensing techniques in providing valuable 
and objective data for flood risk management activities, relating to the 
identification of inundated areas, the monitoring of flood prone territory and the 
damage assessment after an event. 
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